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(54) COMPENSATION FILM FOR LIQUID CRYSTAL DISPLAY DEVICE AND OCB MODE LIQUID 
DISPLAY DEVICE HAVING THE COMPENSATION FILM 

(57) A color compensation film for an OCB mode 
liquid crystal display device, which provides an 
increased angle of field in which the displayed image is 
visible. This film is at least one compensation film sand- 
wiched between a driving liquid crystal cell and a pair of 
upper and lower polarization plates for an OCB mode 
liquid crystal display device. The compensation film is a 
single-layered film made of a discotic liquid crystal 
material having a fixed orientation state of the discotic 
liquid crystal and moreover, it has a hybrid orientation 
such that the angle between the film plane and a direc- 
tor of the discotic liquid crystal in the proximity of the 
interface of the film upper surface differs from the angle 
between the film plane and the director of the discotic 
liquid crystal in the proximity of the interface of the lower 
surface of the film. 
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Description 

[Detailed Description of the Invention] 
5 Technical Fi eld of the Inx/gn^ 
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An OCB (Optically Compensated Birefringence) mode liquid crystal display [T Miyashita P Vetter M v 
KL P L ( l 3 bend or,entatlon of a "emetic liquid crystal such as that shown in Fig 1 

liquid oysar display «»«ch uMtees a toisted orienB«on. the driving Itoufcl oyaJSj^J ?n E o™lS3IS^ 

at.v y small and that therefore the analysis of behavior of light which travels through the liquid crystal is aeneJil 

to ^ S ' er T th8 °— ° f ™ ,k?Uid crysta '- ,n points the OCB mode^iquW cJsS. Spty s £££ 

to be promising as a liquid crystal display of high performance a'spiay is expected 

r^S^fLT!i Caii ° n ° f ° CB m0de liquid Cry5tal disp,a y re£ « uires t" 6 us e of compensators for making color 
compensation and viewing angle compensation. making coior 

The driving liquid crystal cell used in the OCB mode liquid crystal display makes a black-and-white display or a half 
tone display on the basis of a difference in the degree of bend oriental However. «Hche!L^ ^ * 1^ 
occurs aretandation having a phase-lag axis in the x^irection in Fig. 1 when seen from the front SnSeSv «2 
■mposs.ble to shield the light and hence impossible to attain a satisfactory contrast ratto SdStovThSSrl » 

Further, the OCB mode liquid crystal display, like other liquid crystal displays, employs a liquid crystal material hav 
-ng anisotropy and a polarizing plate and therefore involves the problem that its dfeplay performa^ Tfe deSat^ 
when seen at an oblique angle even though a satisfactory display is obtained when seen frtT th^r^Th^Sf 
improvement of performance it is required to use a viewing angle compensator. ** 

In the OCB mode, in order to maintain the bend orientation stable, it is necessary that directors of h™,h «.»et=,i :„ 
ft. dr^ng liquid crysta. cel. be at a large angle on the average relative to an eleSsuostmt^ SEE 
index distributon is large in the thickness direction of the cel. and small in the in-plane dirSon. As t^mpeS? 
therefore, one capable of offsetting this anisotropy and having a refractive index smaller in the fta «£S5X 
than in the in-plane direction, that is. having a so-called negative uniaxial structure, is considered effective 

From such a viewpoint, as a compensator capable of performing both color compensation and viewing anale com 
pensation at a time, the use of a biaxial stretched film having a retaliation in a pEne and\av£ aTeSe >£Z 
smaner ,n the th^ess direction than in a plane has been proposed by the writers of the foregoTn^icte InTe ca2 
of a biaxial stretched film as mentioned also in the article of T. Uchida et a... a satisfactory compensaSn is'not attaint 
when seen from the yz plane in Fig. i although viewing angle compensation is effected to a^tisfarfory eTen^S 

SJS^S " P J an t' n the JT e fi9Ure - ™ S is because * e *«*» °' ■** crystal in the cel. va^nTn^usly i" 
the f lm thickness direction and hence there occurs an optically rotatory dispersion of light travelling obtiquety S 
yz plane. On the other hand, the aforesaid biaxial stretched film cannot eliminate the influence of fte^S Story 
dispersion because rt does not undergo any change in refractive index in the thickness direction * 
Therefore in order to make satisfactory color compensation and viewing angle compensation at a time for the driv- 
ing hquid I crystal cel. used -n the OCB mode liquid crystal display, it is consWered necessary to satisfy the condiS, that 
the re ractive index should change in the thickness direction, in addition to the condition that there should be reSa ion 
in a plane and the condition that the refractive index in the thickness direction should be smaller than thS STriS? 
^S^l^S"^ h3S ^ ^ aVaHab,e ^ ° Pt, ' Ca ' materia ' OT having such a oo^lteaS 
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nhjPrtsofthe Invention 

The present invention solves the above-mentioned problems and provides, as a compensator in an OCB mode liq- 
uid crystal display a compensating film capable of effecting not only color compensation but also the expansion of a 
5 viewing angle so far not attained and more particularly a compensaing film having a fixed hybrid orientation form of a 

discotic liquid crystal. . • t . „, 

The present invention further provides an OCB mode liquid crystal display incorporating the compensating film 

therein. 
10 The Present Invention 

The present invention, in the first aspect thereof, relates to a compensating film for a liquid crystal display which film 
comprises at least one layer of a compensating film disposed between a driving liquid crystal cell and a pair of upper 
and lower polarizing plates, the compensating film being formed of a discotic liquid crystaline material having a fixed 
is orientation form of a discotic liquid crystal. The orientation form is a hybrid orientation wherein the angle between direc- 
tors of the discotic liquid crystal near the upper interface of the film and the film plane is different from the angle between 
directors of the discotic liquid crystal near the lower interface of the film and the film plane. 

The present invention, in the second aspect thereof, relates to the compensating film for a liquid crystal display 
mentioned in the above first aspect wherein the hybrid orientation is such that the directors of the discotic liquid crystal 
20 are at an angle of between 60° and 90° relative to the film plane on one side of the film, while on the other side of the 
film the directors are at an angle of between 0° and 50° relative to the film plane. 

The present invention, in the third aspect thereof, relates to an OCB mode liquid crystal display which incorporates 
therein at least one compensating film for a liquid crystal display mentioned in the above first or second aspect of the 

invention. ... 
25 The present invention, in the fourth aspect thereof, relates to a compensating element comprising at least one com- 
pensating film mentioned in the first or second aspect of the invention and a substrate and wherein the angle between 
the directors of the discotic liquid crystal near the film interface on the substrate side and the film plane is in the range 
of between 0° and 50°. 

The present invention, in the fifth aspect thereof, relates to a compensating element comprising a substrate and the 
30 compensating film mentioned in the above first or second aspect of the invention, the substrate not having substantially 
any anchoring effect for the discotic liquid crystal. 

The present invention, in the sixth aspect thereof, relates to a compensating element comprising a substrate not 
having any alignment film and compensating film mentioned in the above first or second aspect of the invention. 

Further, the present invention, in the seventh aspect thereof, relates to an OCB mode liquid crystal display having 
35 at least one compensating element mentioned in any of the above fourth to sixth aspect of the invention. 
The present invention will be described in more detail hereinunder. - 

In general, the discotic liquid crystal is developed by molecules each having a disc-like mesogen of high flatness. 
The discotic liquid crystal is characteristic in that the refractive index in a very small area in the liquid crystal layer has 
a negative uniaxial property. As shown in Fig. 2, if refractive indices in a certain plane are equal (assumed to be "no"), 

40 the direction perpendicular to the plane is a director (a unit vector representing a local orientation direction of liquid crys- 
tal). The refractive index in the director direction is assumed to be "ne". There exists the relation of no>ne. The refractive 
index characteristic and hence optical characteristics of the resulting structure are determined depending on how th 
director in a very small area is arranged in the whole liquid crystal layer. When the director direction (angle) is the sam 
throughout the whole of the liquid crystal layer, the direction corresponds to the optical axis of the entire liquid crystal 

45 layer. 

Usually, when directors face in the same direction throughout the whole of a liquid crystal layer, the liquid crystal 
layer exhibits a negative uniaxial property. An orientation of a discotic liquid crystal obtained by a conventional method 
gives the negative uniaxial structure as shown in Fig. 3(a) or 3(b). The orientation shown in Fig. 3(a) is called a home- 
otropic orientation because all of discotic liquid crystal directors present in the liquid crystal layer are arranged in the 

so normal to the substrate. The orientation shown in Fig. 3(b) is a tilt orientation wherein all of discotic liquid crystal direc- 
tors present in the liquid crystal layer are tilted at a certain angle from the normal of the substrate. In the tilt orientation, 
an optical axis of the entire liquid crystal layer is present in the tilted direction. 

The orientation form of the compensating film according to the present invention is entirely different from the above 
mentioned negative uniaxial structure including th homeotropic orientation and tilt orientation. The compensating film 

55 according to the present invention is a single-layer film wherein an optical axis of the entire film is not existent and 
wherein the angle between discotic liquid crystal directors and the film plane is different between the portion near the 
upper interface of the film and the portion near the lower interface of the film. More particularly, the angle between the 
directors and the film plane is different at various portions in th film thickness direction. In the compensating film 
according to the present invention, moreover, the directions obtained when the discotic liquid crystal directors are pro- 
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jected in the film plane (director directions) are almost the same throughout the entire liquid crystal layer, namely, 
throughout the compensating film. Now that the director angle is different between the portion near the upper interface 
of the film and the portion near the lower interface of the film and that the director directions face in one direction, the 
film is presumed to present a unique orientation such that the angle between the discotic liquid crystal directors and the 
film plane varies almost continuously in the film thickness direction, as shown in Fig. 2(c). 

In a rod-like nematic liquid crystal, the orientation which presents such a continuous change in the director angle 
in the film thickness direction is called a hybrid orientation, in view of this point, the orientation form of the compensating 
film acoording to the present invention will also be designated hybrid orientation hereinafter. 

In order to attain a color compensation effect for the driving liquid crystal cell used in an OCB mode liquid crystal 
display, it is required that a retardation be present when seen from the front. In this connection, the homeotropic orien- 
tation shown in Fig. 3(a) is inappropriate because there is no refractive index anisotropy when seen from the front. 

Further, in order to effect a satisfactory viewing angle compensation it is necessary that there occur an optically 
rotatory dispersion against an obliquely travelling light. In this point the orientations shown in Figs. 3(a) and (b) are inap- 
propriate because there is no structural change in the film thickness direction. 

Thus, in order to make both color compensation and a wide range of viewing angle compensation for the driving 
liquid crystal cell of OCB mode, the hybrid orientation shown in Fig. 3(c) is most suitable. As mentioned previously, the 
compensating film according to the present invention forms such an orientation as shown in Fig. 3(c). From this point it 
is seen that the compensating film according to the present invention can effect satisfactory color compensation and 
viewing angle compensation for the driving liquid crystal cell of OCB mode. 

In the present invention, an angle of the hybrid orientation in the film thickness direction is usually in the range 
between 60° and 90° in the vicinity of either the upper interface or the lower interface of the film and between 0° and 
50° in the vicinity of the opposite interface in terms of an absolute value of a minimum angle between the discotic liquid 
crystal director and the film plane, namely an angle obtained by (90°-a°) wherein "a" is an angle between the discotic 
liquid crystal director and the normal line to the film plane which is not an obtuse angle (i.e. within the range of from 0° 
to 90°). More preferably, the absolute value of one angle is between 80° and 90° and that of the other angle is between 
0° and 30°. 

Now, a description will be given of the discotic liquid crystalline material used in the present invention. The said 
material is constituted by a discotic liquid crystalline material alone or a composition containing at least one such liquid 
crystalline compound. 

By C. Destrade et af. discotic liquid crystals are classified aocording to their molecular orientation orders into ND 
phase (discotic nematic phase), Dho phase (hexagonal ordered columnar phase), Dhd phase (hexagonal disordered 
columnar phase), Drd phase (rectangular disordered columnar phase), and Dob phase (oblique columnar phase) [C. 
Destrade et al., Mol.Cryst.Uq.Cryst.106, 121 (1984)]. The molecular orientation order is not specially limited in the 
present invention, but from the standpoint of easiness of orientation it is preferable to use a material having at least ND 
phase which is the lowest in orientation order. Particularly preferred is a material which has ND phase alone as the only 
liquid crystal phase. 

The discotic liquid crystalline material used in the present invention preferably does not exhibit transition from liquid 
crystal phase to crystal phase at the time of fixing its orientation form so that the orientation form in the state of liquid 
crystal may be fixed without impairment. Moreover, it is desirable that the discotic liquid crystalline material when 
formed into film can maintain the orientation form under the conditions of practical use and can be handled in the same 
manner as a solid. Most typically and preferably, the "fixed" state as referred to herein indicates an amorphous glassy 
state in which the liquid crystal orientation in the liquid crystal state is frozen. However, no limitation is placed thereon. 
That is, the fixed state in question indicates a state in which under the conditions of practical use of the compensating 
film of the present invention, more specifically in the temperature range usually from 0° to 50°C, more severely from - 
30°C to 70°C, the fixed orientation form can be retained stably without fluidity of the film and without a change in the 
orientation form caused by an external field or force. In view of the above points it is preferably that the discotic liquid 
crystalline material used in the present invention possesses any of the following properties. 

© At a lower temperature region than the state of liquid crystalline material has only a glassy phase and does not 
have a crystalline phase. As the temperature drops from the state of liquid crystal, the material is fixed into the 
glassy state. 

@ The material has a crystalline phase at a lower temperature region than the state of liquid crystal and has a 
glassy phase at a lower temperature region than the crystalline phase. As the temperature drops form the state of 
liquid crystal, a crystal phase does not appear (due to supercooling of crystal phase or due to monotropicity involv- 
ing crystallization only during the rise of temperature), but the material is fixed into the glassy state. 
® The material has a crystal phase at a lower temperature region than the state of the liquid crystal, but at a still 
lower temprature region the material does not exhibit a clear glass transition, and when the temperatue drops from 
the state of liquid crystal, there does not appear a crystalline phase (due to supercooling of crystalline phase or due 
to monotropicity involving crystallization only during the rise of temperature). At a still lower temperature than the 
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melting point, which is observed upon re-heating after fixing, the material is extremely limited in its molecular fluidity 
and can be regarded as a solid material in practical use. 

© At a lower temperature region than the state of liquid crystal a clear transition to crystal phase or to glassy state 
is observed neither during the rise of temperature nor during the fall of temperature. There is no fluidity in the work- 
5 ing temprature range of the film in question, and even when an external force such as shear or an external field is 

applied to the film, the orientation form does not change. 

Of the above properties, more preferable ones are ® and @, and the most preferred is ® . Also as to <§) and @, 
both properties are applicable to practical use without any trouble, provided it is necessary to make sure carefully that 

10 there will be no possibility of occurrence of orientation disorder under the working conditions of practical use of the film. 
More specifically, usually in the temperature range from 0° to 50°C, if the orientation form is not disordered under forced 
application of shear for example, there is no problem. On the other hand, if the orientation form is disordered due to 
shear for example, the inherent optical performance is lost, and no matter what treatment may be conducted subse- 
quently, it is difficult to restore the original orientation form, thus posing a serious problem in practical use. 

is It is desirable that the discotic liquid crystalline material used in the present invention possess any of the foregoing 
properties and exhibit a good domain uniformity. If the domain uniformity is bad, the resulting structure will be a polydo- 
main structure, in which light is scattered due to an orientation defect at the boundary of domains. Deterioration in th 
transmittance of the film will also result. Thus, a poor domain uniformity is not desirable. 

Description is now directed to discotic liquid crystalline compounds each employable as the liquid crystalline mate- 

20 rial in question. These compounds are each composed principally of a disc-shaped central portion (discogen) essential 
for developing a discotic liquid crystal phase and substituent groups necessary for stabilizing the liquid crystal phase. 
Monofunctional ones are preferred as the said substituent groups, but even a compound obtained by using Afunctional 
substituent groups and partially coupling discogens with each other, allowing oligomerization or polymerization to take 
place, is also employable preferably as the liquid crystalline material in the present invention. 

25 The following are molecular structures of discotic liquid crytalline compounds employable in the present invention: 
Hereinafter, the molecule structures of the discotic liquid crystalline compounds used in the present invention are 
illustrated concretely: 



[structural formula ij ? 1 



35 




40 

wherein R 1( R 2 and R 3 are each independently a monofunctional or bifunctional substituent group selected from 
the following groups: 
Monofunctional substituent groups: 

45 
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wherein C n H 2n+1 is a linear or branched alkyl group, and n is an integer of 1-18. preferably 3-14. X n -X 8 are each 
independently h" F-? C, Br-. . C^O, C 6 H 5 -. C 6 H 5 CO- or C^O- C^i is a linear or branched alky, 

groups. / is an integer of 1-18. preferably 1-10. C m H 2m is a linear or branched alkylene cha.n and m is an integer of 1- 
6, preferably 2-10. 
Bifunctional substituent groups: 
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55 wherein C m H 2m is a linear or branched alkylene chain, and m is an integer of 2-16. more preferably 4-1 2. 

Examples of the concrete structures: 
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9 P H 2p + 1 



O 




wherein p, q and r are each an integer of 1-18, preferably 3-14. 

9? H 2p*I 



0 




wherein p and q are each an integer of 1 -18, preferably 3-U, X-, , X 2 and X 3 are each independently H-, F-, CI-, 
Br-. CtfW C^H^O-, C 6 H 5 -, C 6 H 5 CO- or C 6 H 5 0, where C^H^ +1 is a linear or branched alkyl group, and I is an 
integer of 1-18, preferably 1-10. 
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C p H 2 p4i 
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15 



20 



25 




30 



wherein p is an integer of 1-18, preferably 3-14, X^Xg are each independently H-, F-, CI-. Br-, C/H^+i. 
C/H 2 i + iO-, C 6 H 5 -, C 6 H 5 CO- or C 6 H 5 0-, where C/H^ +1 is a linear or branched alkyl. and / is an integer of 1-18, pref- 
erably 1-10. 



35 
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wherein X r X 9 are each independently H-, F-, CI-, Br-, C*H 2 , +1 . C^H^O-, C 6 H 5 - t C 6 H 5 CO- or CsHsO-. where 
C Z H 2M is a linear or branched alkyi group, and £ is an integer of 1-18, preferably 1-10. 
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C r H 2 r+i C q H 2q -n . 

wherein p, q and r are each an integer of 1-18. preferably 3-14. 

H 2p+1 



0 




2q+l ■ 



wherein p, q are each an integer of 1-18, preferably 3-14. and X 3 are each independently H-, F-, CI-, Br-, 
C^H^+iO-, C 6 H 5 -, C 6 H 5 CO- or C 6 H 5 0, where C^H^ is a linear or branched alkyl group, and I is an integer 
of 1-18, preferably 1-10. 
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C p H 2p+I 



x 2 
x 3 




CO 

I 

o 




c 

0 



wherein p is an integer of 1-18, preferably 3-14. X r X6 are each independently H-, F-. CI-. Br-, C/Ha+i. 
CfH 2/+1 0, C 6 H 5 -, C 6 H 5 CO- or C 6 H 5 0-, where C/H^, is a linear or branched alkyl group, and / is an integer of 1-18. 
preferably 1-10. 




CO 



X. 



u 




CO 



CO 




x 4 



wherein X^Xg are each independently H-, F-, CI-. Br-, C^H W+1 , C^H^O-. C 6 H 5 -, C 6 H 5 CO- or CeHsO-. where 
C^H^+i is a linear or branched alkyl group, and / is an integer of 1-18, preferably 1-10. 
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9 P H 2p+1 

o 




25 

wherein p, q and r are each an integer of 1-18, preferably 3-14. 
30 C p H 2p+1 




2qil • 



wherein p, q and r are each an integer of 1-18, preferably 3-14. 
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C p H 2p +i 



0 




wherein p. q and r are each an integer of 1-18, preferably 3-14. 



^3H2fC r 0 



0.0 





0 C q H 2q^2* 



wherein p, q and r are each an integer of 1-18, preferably 3-14, X r X 3 are each independently H-, F-, CI-, Br-, 
C*H 2 / + i, C<H 2 * + iO-, C 6 H5-, C 6 H 5 CO- or C 6 H 5 0-, where C^H^ +1 is a linear or branched alky! group, and I is an integer 
of 1-18, preferably 1-10. 
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10 
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25 



CpH 2P 4i 




O — C q H 2 q+l * 



30 wherein p and q are each an integer of 1-18. preferably 3-14, X r X 3 are each independently H-. F-. CI-. Br-. 

C*H2* +1 . C^Hj^nO-, C 6 H 5 -, C 6 H 5 CO- or C 6 H 5 0, where C 4 H 2M is a linear or branched alkyl group, and / is an integ r 
of 1-18, preferably 1-10. 
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C p H 2p ti 



X, N 

X 2 X., 



C C 




X5 • 



wherein p is an integer of 1-18. preferably 3-14, X r Xe are each independently F-. CI-, Br-, C^H^ +1 , 
QH 2 / +1 0-, C 6 H 5 -, C 6 H 5 CO- or C 6 H 5 0-. where C^H^ is a linear or branched alkyl group, and / is an integer of 1-18, 
pr ferably 1-10. 
Polymer represented by 



c n H 2nli 




-£-C-Q-C A- 
K 0 0 y 



wherein Q is 
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wherein n is an integer of 1-18. preferably 3-14, m is an integer of 2-16. more preferably 4-12 and the average 
molecular weight is 4.000 - 100,000. 



(structural formula 2) 



/ C 
R 3 0 
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CO 




CO 



R- 



wherein Ri. R 2 and R 3 are each a monofuncBonal or Afunctional substituent group. 
Monofunctional groups: 
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-0-C n H 



2n+i 



-0 




\ /~ C n H 2n+l 



~°" < O^ 0 " CnH2n+1 ' "°" < C}^o~ 0 ~ Cn h 



2n+i 




-O 




^y-0-C n H 2n+I . 



-°-O(ls" 0 " Cn ' H ^ ■ 



N-\3~ 0CnH2n+I 



-O 




etc. 



wherein C n H 2n +i is a '""ear or branched alkyl gorup. and n is an integer of 1-18, preferably 3-14. 
Bifunctional groups: 
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wherein C m H 2m is a linear or branched alkylene chain, and m is an integer of 2-16. preferably 4-1 2. 
Examples of the concrete structures: 
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c r H 2rTi 0 





0 0 0 0 



wherein p, q and r are each an integer of 1 -1 8, preferably 3-1 4. 



C r H 



C„ H 



p n 2p+l 





0' 0 0 0 



r «2rti 



wherein p, q and r ar each an integer of 1 -1 8. preferably 3-14. 
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wherein p, q and r are each an integer of 1-18, preferably 3-14. 




wherein p, q and r are each an integer of 1-18, preferably 3-14. 
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9 P H 2p+l 



0 





wherein p, q and r are each an integer of 1 -18, preferably 3-1 4. 
Polymer represented by 
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C„ H, 



10 



15 



20 




O-Q-0 



25 



wherein the average molecular weight is 4,000 - 100,000 and Q is 



30 





0 - C ra H 2m - O "<O^V/"° 



35 




40 



0 -OU 8 - 0 " c • H 2n ~ 0 - § T< L? \J> 



■O- 



etc , 



45 wherein n is an integer of 1-18, preferably 3-14, and m is an integer of 2-16, preferably 4-12. 



50 



55 



[structural formula 3} 

R 4 




wherein R 1§ R 2 , R3 and R 4 are each a monofunctional or bifunctional substituent group selected from the follow- 



23 
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ing groups: 

Monofunctional substituent groups: 



~ c n H 2n+i • 0 c n H 2n+i • 




C n H 



n n 2n+i 




r^V. o _ c n H 2n+1 , >4 ,V O - C n H 




n "2n+i 





^ /~ c n H 2n+i • "\ ^-0~g'- c n H 2n+i ' 





0-C„ H 



n n 2nti ' 





V^~°"§"Vj h " CnH2n+1 ' 



2n+l 
0-C n H 2n+1 




0-C n H 



'>n n 2n+i , 




n n 2n+l 



etc 



wherein n is an integer of 1-18, preferably 3-14, and m is an integer of 2-16, preferably 4-12. 
Bifunctional substituent groups: 
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5 



10 



15 




wherein C m H 2m is a linear or branched alkyiene chain, and rn is an integer of 2-16, preferably 4-12. 
20 Examples of the concrete structures: 



25 



30 



35 




wherein p, q, r and s are each an integer of 1-18, preferably 3-14. 



45 



50 



55 




2pH 



2q+l • 
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wherein p, q. r and s are each an integer of 1-18, preferably 3-14. 




wherein p, q. r and s are each an integer of 1-18, preferably 3-14. 




2P*1 



2q+l ■ 



wherein p, q, r and s are each an integer of 1-18, preferably 3-14. 
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wherein p, q, r and s are each an integer of 1-18, preferably 3-14. 




wherein p, q, r and s are each an integer of 1-18, preferably 3-14. 
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wherein p, q, r and s are each an integer of 1-18, preferably 3-14. 
(Structural formula <Q 



Rs 0 Ri 




wherein R-j-Bs are each independently a monofunctional or bifunctional substituent group selected from the fol- 
lowing groups: 

Monofunctional substituent groups: 
-H (at most 4), 
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~~ c n H 2n+1 ' -0-C n H 



n n 2n+l • 



O 



-0-g-<Q>-C n H 2n+1 , -0-C-<^~^-0-C n H 2n+I . 



10 




0-G n H 



n n 2n+l » 



75 




20 



25 



30 




0-C„ H 



n "211+1 9 



" o "§^Q~°- c » H 



2D+I 



°~ c n H 2n+l 



etc , 



35 



40 



45 



50 



wherein C n H 2n+ i is a linear or branched alkyl group, and n is an integer of 1-18, preferably 3-14. 
Bifunctional substituent groups: 



-0-C-C ni H 2m -C-0- . -0-C ra H 2ra -0- . 



0 




-o-c 

0 




=j\ /rZ~°- . etc .-. 



wherein C m H 2m is a linear or branched alkylene chain, and m is an integer of 2-16. preferably 4-12. 
Examples of the concrete structures: 
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C V H 2V+I 



C U H 2Ufl^ 0 




C q ^2q+I 



c r H 2r+l 



wherein p, q, r, s, t, u, v and w are each an integer of 1-18, preferably 3-14. 



C u H 2tHI 



C t H 2t 4i 0 



CpH 2P 4i 




C q H 2q+1 



0 "C r H 2r+1 



wherein p. q, r. s. t, and u are each an integer of 1-18, preferably 3-14. 



C U H 2U + 1 



C t H 2 Ui 



CpHap+i 
l 




c r H 2r+i 



wherein p, q, r, s, t and u are each an integer of 1-18, preferably 3-14. 



30 



EP 0 783 128 A1 



20 



25 



30 



I I 



5 


CO 
I 


CO 
I 




0 0 


0 


10 








0 0 

• I 

CO 


0 
I 

CO 


15 


I 

Cr H 2r*i 


I 

C q H 



wherein p, q, r, and s are each an integer of 1-18, preferably 3-14. 
C s H2S+1 



c r H 2r+ ro 




CpH2p+i 



O C q H 2q +i 



wherein p, q, r, and s are each an integer of 1-18, preferably 3-14. 



35 



40 



45 



50 



C s H 



S n 25 41 



0 


C P H 

CO 
I • 
O 






0 - 0 

I 




CO 

I 




^r^2r+i 





C q H 2q*l 



wherein p, q, r t and s are each an integer of 1-18, preferably 3-14. 



55 



Risisnorrin: <fp <mwis>RAi i ^ 
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0 0 


0 


CO 




0 0 


0 


1 


1 


^r^2r+i 


CqH 



wherein p, q t r, and s are each an integer of 1-18, preferably 3-14. 



9p^2p+l 



C U H 2tHl 



C t H 2t+1 




C S H 



wherein p, q, r. s, t and u are each an integer of 1-18, preferably 3-14. 
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CpH 2 p+i 
O 




O 



i 

Cs H 2S+l 

wherein p, q, r, s, t and u are each an integer of 1-18. preferably 3-14. 




CsH2st| 



wherein p, q, r, s, t and u are each an integer of 1-18, preferably 3-14. 



33 



EP 0 783 128 A1 



C 




O CsH2sM 

wherein p, q, r, s. t and u are each an integer of 1-18, preferably 3-14. 




C s H2s+i 

wherein p, q, r, s. t and u are each an integer of 1-18, preferably 3-14. 
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CpH 2 p+i 



20 




C s H2s*l 

25 

wherein p, q. r, s, t and u are each an integer of 1-18. preferably 3-14. 
30 (structural formula 5 J 




wherein FVR5 are each a monofunctionai or Afunctional substituent group selected from the following groups: 
so Monofunctionai substituent groups: 



55 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



c n H 2n+i 



£ C n H 2n+1 f 



-s-o • 

"0" C n H 2n+i • "O"0-C n H 2n+1 . 
"g^G^n H 2n+i ■ -g-O" 0 " C -» H 2n+i • 



l 2n+i 



-§" < Q- 0 - C n H 2nfl ■ 



H 3 C, 



l 2nti 



"g-0" 6-C » H > 



0-C n H 2n +, 
■ OCH 3 



-C 
0 



^^--"3 _/0CH 3 
~g-^Lr°- C n H 2n+i • -C-4J>-0-C n H 2ntl 
OCH 3 

-g-0-°-g- C n H 2n + ,. ~gOO • 

n H 2n+i • 



- c - J ^^ 
o 



°" c n H 2n+i 



~g"00- C " H 2n+i ' 



-§^Oo-c„H 2 „ fl ; -0{> 



C„ H 



n n 2ntl • 




c n H 2n+i • 



X, 




0 N- 

-C-Q-N-C 
O H 0 



"g"Cj" X5 ' -g^W^° C «» H 2n» X ' 



-C-(CH 2 ) k -<Q-OC n H 2n+I . 




0C m H2111X7 » 



x 3 



etc* 



wherein C n H 2n+1 is a linear or branched alkyi group, n is an integer of 1-18, preferably 3-14, X r X 8 are each inde- 
pendently H-, F-, CI-, Br-, C^H^ +1< C^H^+iO-, C 6 H 5 -, C 6 H 5 CO- or CgHsO-, where C/H 2 /+i is a linear or branched alkyl 
group, and t is an integer of 1-18, preferably 1-10, C m H 2m is a linear or branched alkyiene group, and m is an integer 
of 1 -1 6, preferably 2-10. 



36, 



EP 0 783 128 A1 




37 



EP 0 783 128 A1 




o \=/ o \=/ o \=/ o 



-C-^^-NHC-C.Hm-C-NH-^^-C-.- etc. 

wherein C m H 2m is a linear or branched alkylene group, and m is an integer of 2-16, preferably 4-12. 
Examples of the concrete structures: 




2r+i 



2S*1 



C U ^2U+I 6 



C t H 2t*l 

wherein p, q, r, s, t and u are each an integer of 1-18, preferably 3-14. 
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10 



15 



20 



C p H 2p*l 




C r H 2r +i 



S n 2S+1 



C t H 2t+1 



wherein p, q, r, s, t and u are each an integer of 1-18, preferably 3-14. 



25 



30 



35 



40 



45 



C q H 2q+1 



C p H 2p+1 



C U H 



2lHl 




2rn 



S n 2S+l 



C t H 2t+1 



so 



wherein p, q, r, s, t and u are each an integer of 1-18. preferably 3-14. 



55 



i 
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5 



10 



15 



20 



25 



30 




2r+i 



+1 



C t H 2t+1 



35 wherein p, q, r, s P t and u are each an integer of 1-18. preferably 3-14. 



40 



45 



so 
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C q H 2q +i 




I 

C t H 2 t+i 

30 

wherein p, q, r, s, t and u are each an integer of 1-18, preferably 3-14. 



40 



45 



50 



55 
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wherein p, q, r, s and t are each an integer of 1-18, preferably 3-14, X-^3 are each independently H-, F-, CI-, Br- 
. Q H 2 +1 . C^H 2 / + i O-. 0 6 H 5 - t C 6 H 5 CO- or C 6 H 5 0- f where C^H^ +1 is a linear or branched alkyl group, and / is an integer 
of 1-18, preferably 1-10. 
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5 



10 



15 



20 



25 




2r*l 



2S+1 



0 
I 

C t H 2t*l 



30 

wherein p, q, r, s and t are each an integer of 1-18, preferably 3-14, X r X 3 are each independently H-, F-. CI-, Br- 
, C^H2/ + i , C^H2/ + iO-. C 6 H 5 -. C 6 H 5 CO- or C 6 H 5 0-, where C^\ 2M 'S a linear or branched alkyl group, and / is an integer 
of 1-18, preferably 1-10 

35 



40 



45 



50 



55 



RN.Qnnr.in- <pd nvQ-aioftAi t 
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C p H 2p X ] 




C u H 2u X 5 



C r H 2r X3 



C s I H 2 s X4 



C t H 2t X 5 



wherein p, q, r, s, t and u are each an integer of 1-18, preferably 3-14, X r Xs are each independently H-, F-, Cl- 
, Br-, C^H^ + i, C/H2/ +1 0-, C 6 H 5 -, C 6 H 5 CO- or C 6 H 5 0-, where C^H^ + i is a linear or branched alkyl group, and I is an 
integer of 1-18, preferably 1-10. 
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9 q H 2q*l 

o 




o 

I 



C t H 2 t+i 

35 

wherein p, q, r, s. t and u are each an integer of 1 -1 8, preferably 3-14. 
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qH 2q+ i 



C 




C t H 2t*l 

wherein p, q. r, s, 1 and u are each an integer of 1-18, preferably 3-14. 
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10 



15 



20 



25 



30 



C P H 2ptl 




0 C r H 2r *i 



OC s H 2S 4i 



0C t H 2 t4i 



35 wherein p, q, r, s and t are each an integer of 1-18, preferably 3-14, X r X 3 are each independently H-, F-, Ch Br- 

. C / H 2 ^ +1 0- I C 6 H 5 -, C 6 H 5 CO- or C 6 H 5 0-, where C £ H 2M is a linear or branched alkyl group, and I is an integer 

of 1-18, preferably 1-10. 
Composition of the following: 



40 



45 



50 



55 




6-x-y . 
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wherein O^x^e, 0^6 in the molar ratio, and p, q, r are each an integer of 1-18, preferably 3-14. 
Composition of the following: 



5 



10 



15 




6-x 



20 

wherein 0^x^6 in the molar ratio, and p, q are each an integer of 1 -18, preferably 3-14. 
Composition of the following: 



25 



30 



35 



40 



45 




wherein 0^x^6, 0^y^6, 0^z^6 in the molar, ratio, p, q, and rare each an integer of 1-18, preferably 3-14, X r X 3 
are each independently H-, F-, CI-. Br-, C/H^ +1l C^H^O, C 6 H 5 -, C 6 H 5 CO- or C 6 H 5 0-, where C^H^+i is a linear or 
branched alkyl group, and £ is an integer of 1-18, preferably 1-10. 
Composition of the following: 
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so wherein 0^w^6, 0^x^6, 0^ys6, 0^z^6 in the molar ratio, p, q, r and s are each an integer of 1 -18, preferably 3- 

14, X-i-Xg are each independently H-, F-, CI-, Br-, C/H^+i. C^H 2 * + iO-, C 6 H 5 -, C 6 H 5 CO- or C 6 H 5 0-, where C^H^ +1 is 
a linear or branched alkyl group, and t is an integer of 1-18, preferably 1-10. 
Composition of the following: 
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5 



10 



15 



20 




wherein 0^6, 0%ss6 in the molar ratio, p. q and r are each an integer of 1-18. preferably 3-14 
25 Composition of the following: 



30 



35 



40 



45 



50 




wherein O^xmS, O^y^S, 0*z^6 in the molar ratio, p, q and r are each an integer of 1-18, preferably 3-14, X r X 3 
55 are each independently H-, F-, CI-. Br- f CjHu+1. QH^O. C 6 H 5 -. C 6 H 5 CO- or C 6 H 5 0-. where C^H^ +1 is a linear or 
branched alkyl group, and t is an integer of 1 -1 8. preferably 1-10. 
Composition of the following: 
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C q H 2q +i 




O 
l 

C t H 2t+1 



35 

wherein p. q, r, s. t f u, v and w are each an integer of 1 -1 8, preferably 5-1 4, and k is 1 , 2 or 3. 



45 



50 



55 
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-c-/\n-c-c b h 2(B -c-n-/\c- . 
o \=y H O OH \=/ 0 

45 

so O \=/ H 0 \=/ 

wherein m is an integer of 2-16. 
Preferable Q: 

55 



RNsnncin- <fp n7Aai9AAi i > 
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O \=/ H 0 \=/ O H \= 



wherein m is an integer of 2-18, more preferably 4-12. 



54 



EP 0 783 128 A1 




EP 0 783 128 A1 




-gOg-8- c ™ H2 "-§-s-Os- 
_ c _ c j^Ctz ~h "C^s - 

0 \=/ H 0 \=/ 

wherein m is an integer of 2-16. 
Preferable Q: 
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wherein m is an integer of 2-1 6. 
ss Preferable Q: 
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wherein m is an integer of 2-16, preferably 4-12. 
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55 

wherein p, q, r. s, t, u, v and w are each an integer of 1-18, preferably 3-14 XyX$ are each independently H-, F- 
, CI-, Br-, C^H^ +1 , C^H^ +1 0-, CeH 5 -, CeH 5 CO- or C 6 H 5 0-. where C^H^ +1 is a linear or branched alkyl group, and t is 
an integer of 1-18, preferably 1-10. 



61 
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10 



15 



20 




wherein rn is an integer of 2-16, preferably 4-12. 
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40 
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wherein p, q, r, s, t, u, v, w, a, b, c, d, e and f are each an integer of 1-18, preferably 3-14. 
Q is the following: 
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wherein m is an integer of 2-16, preferably 4-12. 
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wherein p, q, r, s, t, u, v, w f x and y are each an integer of 1-18, preferably 3-14, X r X 10 are each independently 
H-, F-, CI-, Br-, C*H 2 * + i, C/H 2 / + iO-, C 6 H 5 -, C 6 H 5 CO- or C 6 HsO-. where C^H^+i is a linear or branched alkyl group, and 
/ is an integer of 1-18, preferably 1-10. 
Q is the following: 
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wherein m is an integer of 2-16. 
55 Pr ferableQ: 
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5 



10 



15 



20 




wherein m is an integer of 2-1 6, preferably 4-12. 
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wherein m is an integer of 2-16. 
55 Preferable Q: 
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wherein m is an integer of 2-16, preferably 4-12. 
Polymer represented by the following: 
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PNRnnr.irv --pp n7RAi9RAi i 
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R 5 

45 

wherein R r R 6 are each a monofunctionaJ or Afunctional substituent group selected from the following: 
Mono functional substituent groups: 

50 
55 
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50 



-C„H InfI . -C-C n H 2n+1 , -CHQ) , 

H G >_C n H 2n+i- -0~°- C n H 2n+i • 
~§"0~ C n H 2n+i • -g"0-°- C n H 



2n+i 



~§" < Q t - 0 - C n H 2n + i 
0-c n H 2n+i 
■OCH 3 

»-0-C 

OCH3 

-§-0-°-§- C nH 



H 3 C, 



l 2n+i 



~8"O k -°- C n H 2n+i • 



- C 

o 



-§ H Q-°~ CnH 



_/ocH 3 

-§-0-°- C n H 



2n+i 



2n+i 



2n+i 



C„ H 



-C 



-g-OC^°- C n H 2n+l 




ji-0-C n H 2n+J 



\ //~ c vi H 2n+i • 



c n H 2n+i » 




■C-(CH,) |t -^3-OC ll H lltl . 




X g 



.etc. 



wherein C n H 2n +i is a linear or branched alkyl group, n is an integer of 1-1 8, preferably 3-14, X^Xgar each inde- 
pendently H-, F-, CI-, Br-. C4H&+1. C/H^ +1 0-, C5H5-, C 6 H 5 CO- or C 6 H 5 0-, where C/H^+i is a linear or branched alkyl 
group, / is an integer of 1-18, preferably 1-10, C m H 2m is a linear or branched alkytene chain, and m is an integer of 1- 
18, preferably 2-10. 
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Bifunctional substituent groups: 
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wherein C m H 2m is a linear or branched alkylene group, and m is an integer of 2-16, preferably 4-12. 
Examples of the concrete structures: 



C 




2r+i 



2S41 



C U H 2U+1 S 

C t H 2t+1 



wherein p, q, r, s t t and u are each an integer of 1-18. preferably 3-14. 
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5 



10 



15 




2rti 



2S + 1 



C t H 2t+1 



wherein p, q, r, s, t and u are each an integer of 1-18, preferably 3-14. 

25 



40 



45 




2r*l 



2S+1 



C t H 2t*l 



50 

wherein p, q, r, s, t and u are each an integer of 1-18, preferably 3-14. 

55 
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wherein p. q, r, s and t are each an integer of 1-18, preferably 3-14, X1-X3 are each independently H- F- CI- Br- 
oil" 8 + P Vefe^y^i?^^^ ° sHsC °' * C ^'- where C < H 2<+1 is a linear or branched alkyl group, and / is an integer 



80 



EP 0 783 128 A1 




wherein p, q. r. s. t and u are each an integer of 1-18. preferably 3-14, are each independently H-. F-. Cl- 
. Br-, CjHaeti. C/H^O-, C 6 H 5 -, C 6 H 5 CO- or C 6 H 5 0-. where C/H^ is a linear or branched alkyl group, and / is an 
integer of 1-18, preferably 1-10. 
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9 q H 2q4l 




+1 



0 
I 

C t H 2ttl 



wherein p, q. r, s and t are each an integer of 1 -18. preferably 3-14, X r X 3 are each independently H-, F-. CI-, Br- 
, C^H^+l C^Ha^O-, C5H5-, C 6 H 5 CO- or C 6 H 5 0-, where C^H 2<+1 is a linear or branched alkyl group, and / is an integer 
of 1-18, preferably 1-10. 
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25 




2r+i 



s+l 



30 C t H 2 t+i 

wherein p, q, r, s, t and u are each an integer of 1-18, preferably 3-14. 
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wherein p, q, r, s. t and u are each an integer of 1-18, preferably 3-14. 
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9 q H 2q4I 
O 




I 



C t H 2t + I 



35 

wherein p, q, r, s, t and u are each an integer of 1-18, preferably 3-14. 



40 



45 



50 



55 



85 



EP 0 783 128 A1 



C 




CtH 2 t+i 



wherein p, q, r, s, t and u are each an integer of 1-18, preferably 3-14. 
Composition of the following: 
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wherein 0^6, 0^yss6 in the molar ratio, and p, q and r are each an integer of 1-18. preferably 3- 
Composition of the following: 




6-x 



wherein 0^x^6 in the molar ratio, and p and q are each an integer of 1-18. preferably 3-14. 
Composition of the following: 




wherein 0^x^6. 0^y^6 in the molar ratio, and p. q and r are each an integer of 1-18. preferably 3-14. 
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wherein p, q, r, s, t, u, v, w, a and b are each an integer of 1 -1 8, preferably 3-1 4. 
Q is the following: 



88 



EP 0 783 128 A1 




wherein m is an integer of 2-16. 
Preferable Q: 
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wherein m is an integer of 2-16, preferably 4-12. 
Polymer represented by the following: 
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wherein m is an integer of 2-16. 
55 Preferable Q: 
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c- , 
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15 




" CH VJ > ~ 0 ' CraH 2n'" 0 -\ //-°- 




20 



-c 
o 




N-C-fVc-NiVc 
H O \=/ O H \=/ O 



etc . 



25 



wherein m is an integer of 2-16, preferably 4-12. 



[Structural formula 7^J 
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R 6 -0 




0-R 3 



wherein Rr^s are a monofunctional or bifunctional substituent group selected from the following groups: 
Mono functional substituent groups: 
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c n H 2n+i ■ 



C-CH. 



~O" 0 - C nH 2n+1 



n "2nfi • 

Vj^~ Cn H 2n+i • 
~§~0- C n H *n+i • -§-0-°- C n H 



2n+i 



H S C, 



l 2n+i 



~§-C^°- C n H 2n + i • 

0-c n H 2n+i 
_/OCH 3 

"§ H Q-°- C n H 2n+i. 
OCH 3 

-§-0-°-g- C nH 2n+1 



- C 
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.OCH3 
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0 



TS-OO 



c n H 2n+i 




c n H 2n+i • 



jrO-C n H 2n+| 



l 2n+i 




c n H 2n+i »■ 




"S-O" 0 - C n» H 2n» x i 



etc • 



wherein C n H 2n+ i is a linear or branched alkyl group, n is an integer of 1 -1 8, preferably 3-14, -X 8 are each inde- 
pendently H-, F-. CI-, Br-, C^H^ +1 , C/H^ +1 0-, C 6 H 5 -. C 6 H 5 CO- or CsHsO, where C/H^ +1 is a linear or branched alkyl 
group, and I is an integer of 1-18. preferably 1 -10, C m H 2m is a linear or branched alkylene chain, and m is an integer of 
1-16, preferably 2-10. 
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wherein C m H 2m is a linear or branched alkylene chain, and m is an integer of 2-16, preferably 4-12. 
Examples of the concrete structures: 




wherein p, q, r, s, t and u are each an integer of 1-18, preferably 3-14. 
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20 

wherein p, q, r, s, t and u are each an integer of 1-18. preferably 3-14. 




wherein p, q, r, s, t and u are each an integer of 1-18. preferably 3-14. 
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wherein p, q, r, s and t are each an integer of 1 -18, preferably 3-14, X r X 3 are each independently H-, F-, Cl- P Br- 
• C * H 2/+1> c ^ H 2^+iO% C 6 H 5 -, C 6 H 5 CO- or C 6 H s O-. where C^H^ +1 is a linear or branched alkyl group, and I is an integer 
of 1-18, preferably 1-10. 
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wherein p, q, r, s, t and u are each an integer of 1-18, preferably 3-14, X r Xs are each independently H-, F-, Cl- 
. Br- f C^H^ +1 , QH^O-. C 6 H 5 ., C 6 H 5 CO- or C 6 H 5 0-. where C^H^ +1 is a linear or branched alkyl group, and I is an 
40 integer of 1 -18, preferably 1-10. 
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2r +1 



+1 



C t H 2t+l 

40 

wherein p, q f r, s and t are each an integer of 1 -18, preferably 3-14, X r X 3 are each independently H-, F-, CI-, Br- 
, C^H^+v C^H 2 / +1 0-, C 6 H 5 -, C 6 H 5 CO- or C 6 H 5 0-, where C^H^ +1 is a linear or branched alkyl group, and^isan integer 
of 1-18, preferably 1-10. 
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wherein p, q, r, s, t and u are each an integer of 1 -1 8, preferably 3-14. 
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C t H 2t*J 



wherein p, q, r, s, t and u are each an integer of 1-18, preferably 3-14. 
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c t H 2tfi 



wherein p, q, r, s, t and u are each an integer of 1 -1 8, preferably 3-1 4. 
40 Composition of the following: 
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wherein 0^6, 0^6 in the molar ratio, and p, q and r are each an integer of 1-18, preferably 3-14. 
Composition of the following: 




wherein 0^x^6 in the molar ratio, and p, q and r are each an integer of 1-18, preferably 3-14. 
Composition of the following: 
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wherein 0=ix=i6, 0=sy==6, o^zm in the molar ratio, and p, q and r are each an integer of 1-18, preferably 3-14 X,- 
X3 are each independently H-, F-, Ch Br-, <y^ +1 . C^H^O, C 6 H 5 -, C 6 H 5 CO- or CeNgO-, where C^, is a linear 
30 or branched alkyl group, and / is an integer of 1-18. preferably 1-10. 
Composition of the following; 
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wherein 0^x^6, 0£y£6 in the molar ratio, and p, q and r are each an integer of 1-18, preferably 3-14. 
Composition of the following: 

55 
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wherein 0==x^6, 0^6, 0^z^6 in the molar ratio, and p, q and r are each an integer of 1-18, preferably 3-14, p, 
q and r are each an integer of 1-18. preferably 3-14, X r X 3 are each independently H-, F-, CI-, Br-, C t H 2M . C/H^+iO- 
, C 6 H 5 -, C 6 H 5 CO- or C 6 H 5 0-. where C^H^+i is a linear or branched alkyl group, and £ is an integer of 1-18. preferably 

30 1-10. 

Composition of the following: 



Qkicnnnn. -co rrrao-iooAi i - 
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OC r H 2r X, 



C-^J-0C S H 2S X 2 




6-ff-X-Y-Z 



wherein 0Sxs6. 0§y£6, 0sz§6 in the molar ratio, p. q, r and s are each an integer of 1-18, preferably 3-14 X,- 
35 X 5 are each independently H-, F-, CI-. Br-. C.H^,, QH^O-, C 6 H 5 -. C 6 H 5 CO- or C 6 H&-. where C^ +1 is a linear 
or branched alkyl group, and I is an integer of 1 -1 8, preferably 1-10. 
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CqH 2 q + i 
0 




C t H 2t+l 



wherein p. q, r, s, t, u, v and w are each an integer of 3-18. preferably 5-14, k is 1 . 2 or 3. 
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55 wherein p, q, r, s, t, u, v. w, a and b are each an integer of 1 -1 8, preferably 3-1 4. 

Q is the following: 
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wherein m is an integer of 2-16. preferably 4-12. 

25 



30 



35 



40 



45 



50 



112 



EP 0 783 128 A1 




BNSDOCIQ: <EP 07831 2BA1 I > 



113 




114 



EP 0 783 128 A1 



5 



10 



15 



20 




wherein m is an integer of 2-16, preferably 4-12. 
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wherein m is an integer of 2-16, preferably 4-12. 
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wherein p, q, r, s, t, u, v, w, a, b, c, d, e and f are each an integer of 1-18, preferably 3-14. 
Q is the following: 
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55 wherein m is an integer of 2-16. 

Preferable Q: 



120 



EP 0 783 128 A1 



5 



10 



15 



20 




wherein m is an integer of 2-16, preferably 4-12. 
25 Polymer represented by the following: 
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wherein p, q, r, s, t, u, v and w are each an integer of 1-18, preferably 3-14, and the average molecular weight is 
5,000-100,000. 
Q is the following: 



-CO AfOOl lO A 1 | ^ 
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55 wherein m is an integer of 2-1 6. 

Preferable Q: 
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wherein m is an integer of 2-16, preferably 4-12. 

25 

[structural formula si 
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wherein R^Rs are each a monofunctional or bifunctional subst'rtuent group selected from the following groups: 
Mono functional substituent groups: 
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r\rv»ir*. -CD r\-»Miooii i ^ 
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wherein C n H 2n+ i is a linear or branched alkyl group, n is an integer of 1 -18, preferably 3- 1 4, X 1 -X 8 are each inde- 
pendently H-, F-, CI-, Br-, C^H2/+i, C^H^^O-, C 6 H 5 -, C 6 H 5 CO- or CeHsO-, where C^H^+t is a linear or branched alkyl 
group, / is an integer of 1-18, preferably 1-10, C m H 2m is a linear or branched alkylene chain, and m is an integer of 1- 
18, preferably 2-10. 
Bifunctional substituent groups: 
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0-C m H 2ra -0 -k^ 




O \=/ HO OH \=/ O 




.etc 



25 



wherein C m H 2m is a linear or branched alkylene chain, and m is an integer of 2-16, preferably 4-12. 
Examples of the concrete structures: 
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C q H 2q+l 



C n H 



p n 2 p + 1 



C U H 2U + 1 




r H 2r*i 



S H 2 S41 



wherein p, q, r, s, t and u are each an integer of 1-18, preferably 3-14. 



OMcrv\r»irv ,co «vtooiooai i ^ 
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wherein p, q, r, s, t and u are each an integer of 1-18, preferably 3-14. 




C t H 2t*l ' 



wherein p. q, r, s, t and u are each an integer of 1-18, preferably 3-14. 
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2MI 



2S4I 



35 



wherein p, q, r, s and t are each an integer of 1-1 8 t preferably 3-1 4, X n -X 3 are each independently H-, F-, CI-, Br- 
, C^H^+i , QH^ +1 0- ( C 6 H 5 -, C 6 H 5 CO- or C 6 H 5 0-. where QH 2/+1 is a linear or branched alkyl group, and I is an integer 
of 1 -1 8, preferably 1-10. 
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! 

C t H 2t X 5 



wherein p f q, r, s, t and u are each an integer of 1-18, preferably 3-14, Xj-Xg are each independently H-, F-, Cl- 
, Br-, C«H^+ 1a C^H 2 ^ +1 0-, C 6 H 5 - f C 6 H 5 CO- or C 6 H 5 0, where C^H^ +1 is a linear or branched alkyl group, and t is an 
integer of 1 -1 8, preferably 1-10. 



-CD rV7Q<aiOQA1 I 
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Cq H 2 q +i 
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O 




O 
I 

C t H 2t+1 



wherein p, q, r, s and t are each an integer of 1-18, preferably 3-14, X r X 3 are each independently H-, F-, CI-, Br- 
. C,H 2/+1 , C/H2/ +1 0-, C 6 H 5 -, C 6 H 5 CO- or C 6 H 5 0-, where QH 2 ^ +1 is a linear or branched alkyl group, and / is an integer 
of 1-18, preferably 1-10. 
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C t H 2tfl 



wherein p, q. r, s, t and u are each an integer of 1-18, preferably 3-14. 
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wherein p, q, r. s, t and u are each an integer of 1-18, preferably 3-14 
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C t H 2 t+i 

wherein p, q, r, s, t and u are each an integer of 1-18, preferably 3-14. 
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C q H 2q+l 
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O 
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C t H 2 1 *I 



wherein p, q, r, s. t and u are each an integer of 1-18, preferably 3-14. 
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2r m 



wherein p, q, r, s and t are each an integer of 1-18, preferably 3-14, X r X 3 are each independently H-, CI-, Br- 
. C * H 2*+1 ■ C * H 2/+1°-' C 6 H 5 - t C 6 H 5 CO- or C 6 H 5 0-, where C / H 2 ^ +1 is a linear or branched alkyl group, and I is an integer 
of 1-18, preferably 1-10. 
Composition of the following: 
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20 



wherein 0^x^6, 0^y^6 in the molar ratio, and p, q and r are each an integer of 1-18, preferably 3-14 
Composition of the following: 
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\ //~°~ c n H 2rm 



6-x 



wherein 0^x^6 in the molar ratio, and p. q and r are each an integer of 1-18. preferably 3-14. 
45 Composition of the following: 
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OKierv-»r*irv -co n-roo *oo a i i _ 
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wherein 0=1x^6, 0=iy^6, 0^z^6 in the molar ratio, and p. q and r are each an integer of 1-18, preferably 3-14, X r 
X 3 are each independently H-, F-, CI-, Br-, C^H^+l C^H^O-, C 6 H 5 -, C 6 H 5 CO- or C 6 H 5 0, where C,H^ +1 is a linear 
or branched alkyl group, and I is an integer of 1-18, preferably 1-10. 
30 Composition of the following: 
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wherein 0^x^6, 0^6 in the molar ratio, and p, q and r are each an integer of 1-18, preferably 3-14. 
Composition of the following: 
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O C q H 2q ti 




2r i| 



wherein 0=1x^6, 0^ys£6. 0^z^6 in the molar ratio, and p, q and r are each an integer of 1-18, preferably 3-14. X-,- 
X 3 are each independently H-, F-, CI-, Br-, CfH^ + i. C^H^+iO-, C 6 H 5 -, C 6 H 5 CO- or CgHsO-. where C^H^+i is a linear 
30 or branched alkyl group, and I is an integer of 1 -1 8. preferably 1 -1 0. 
Composition of the following: 
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wherein 0^x«6, 0^6, 0^z^6 in the molar ratio, and p, q and r are each an integer of 1-18, preferably 3-14, X r 
X 5 ar each independently H-, F-, CI-, Br-, C^ +1 , CjH^O-, CeHg-, C 6 H 5 CO- or CeHgO-, where C^H^ is a linear 
or branched alkyl group, and I is an integer of 1-18, preferably 1-10. 
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40 wherein p, q, r, s, t, u. v and w are each an integer of 3-18, preferably 5-1 4, k is 1 . 2 or 3. 
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wherein m is an integer of 2-16, preferably 4-12. 
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55 wherein p, q, r t s, t, u. v, w, a and b are each an integer of 1-18, preferably 3-14. 

Q is the following: 
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wherein m is an integer of 2-16. 
Preferable Q: 
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55 wherein p f q, r, s, t, u, v, w, a and b are each an integer of 1-18, preferably 3-14. 

Q is the following: 



148 



EP 0 783 128 A1 



5 



10 



15 



20 



25 



30 



35 



40 



45 



50 




55 wherein m is an integer of 2-16. 

Pr ferableQ: 



BNSDOCID:<EP 07B3128A1 I > 



149 



EP 0 783 128 A1 




wherein m is an integer of 2-16, preferably 4-12. 
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wherein p, q, r, s, t, u, v, w, a, b, c. d, e and f are each an integer of 1 -1 8, preferably 3-14. 
Q is the following: 
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wherein m is an integer of 2-16. 
Preferable Q: 
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wherein m is an integer of 2-1 6, preferably 4-12. 
25 Polymer represented by the following: 
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wherein FVR 8 are each a monofunctional or Afunctional substituent group selected from the following groups, 
so wherein M represents two protons or a metal such as Mg, Fe, Co, IMi, Mn, Zn, Cu, Pb, Pd, Cd. Rh or Ru. 
Mono functional substituent groups: 
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0-C n H 2n *i 



-C k H 2k -0-C-^)-C n H 2n41 . 



Ck H 2 k-0-C 
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CkH 2k -0-C-^ /yys //-°- C nH 2nt , .. etc.. 



wherein C n H 2n +i is a linear or branched alkyl group, n is an integer of 3-18, preferably 5-14, k is 1 , 2 or 3. 
Bifunctional substituerrt groups: 
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O N— / 0 



etc . 



wherein C m H 2m is a linear or branched alkyfene chain, and m is an integer of 2-16, preferably 4-12. 



QpH2P*l 



C PH2P+1 




CrH2r*i 



CrH 2 r+i 



wherein M is two protons Mg, Fe, Co, Ni, Mn, Zn, Cu, Pb. Pd, Cd, Rh or Ru, preferably two protons Fe, Co. Ni, 
Zn or Cu. p, q, r and s are each an integer of 3-18, preferably 5-14. 
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wherein M is two protons Mg, Fe. Co, Ni, Mn, Zn, Cu, Pb. Pd. Cd, Rh or Ru, preferably two protons Fe. Co, Ni, 
2s Zn or Cu. p, q, r and s are each an integer of 3-1 8, preferably 5-14. 
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CuH2Uti 



CtH 2 t+l 



wherein M is two protons Mg. Fe, Co, Ni, Mn, Zn, Cu, Pb. Pd, Cd. Rh or Ru, preferably two protons Fe, Co, Ni, 
Zn or Cu. p. q, r, s. t, u, v and w are each an integer of 3-1 8, preferably 5-14. 
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CUH2U+1 C t H 2 tfi 



wherein M is two protons Mg, Fe, Co, Ni, Mn, Zn, Cu, Pb, Pd, Cd, Rh or Ru. preferably two protons Fe, Co, Ni, 
Zn or Cu. p, q, r, s, t, u, v and w are each an integer of 3-18, preferably 5-14. 
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10 CSH2S41 -S 

CSH2SH -ST 

15 
20 

25 wherein M is two protons Mg, Fe, Co, Ni, Mn, Zn, Cu, Pb, Pd, Cd, Rh or Ru, preferably two protons Fe, Co, Ni. 

Zn or Cu. p, q, r and s are each an integer of 3-18, preferably 5-14. 
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wherein M is two protons Mg, Fe, Co, Ni, Mn, Zn, Cu, Pb, Pd, Cd, Rh or Ru, preferably two protons Fe, Co. Ni, 
Zn or Cu. n is an integer of 3-18, preferably 5-14, m is an integer of 2-16, preferably 4-12, and the average molecular 
weight is 8,000 - 100,000. 
Q is the following: 



162. 
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wherein m is an integer of 2-16, preferably 4-12. 




wherein R r R 4 are each independently a subst'rtuent group selected from the following groups, wherein M is two 
protons or a metal such as Mg, Fe, Co, Ni, Mn, Zn, Cu, Pb, Pd, Cd, Rh or Ru. 
Mono functional substituent groups: 
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-0-CH^>-C n H 2n+ , . -0-C-^~~^-0-C„ H 2n *i 



-C-0-<^>-C n H 2ntl . *§"°"O' 0 " CnH 



2n4i 



g-°^G > -§- o - c " H 



2n+i 




0- C n H 2n +i 



35 



40 



- o- c 



v //-0-C n H 2|]4ii 




0- C n H 2n 4i 



45 wherein C n H 2n+ i is a linear or branched alkyl group, and n is an integer of 3-18, preferably 5-14. 

Bifunctional substituent groups: 



so 
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C r H 2r +j 

wherein M is two protons Mg, Fe, Co, Ni, Mn, Zn, Cu, Pb, Pd, Cd, Rh or Ru, preferably two protons Fe Co Ni 
Zn or Cu. p, q, r and s are each an integer of 3-1 8, preferably 5-14. 



0-C-C m H 2m -C 

o 0 



C-0-C m H 2ni -0 
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O C q H 2q *i 



wherein M is two protons Mg, Fe, Co. Ni. Mn. Zn, Cu. Pb, Pd, Cd, Rh or Ru, preferably two protons Fe, Co, Ni, 
Zn or Cu. p. q, r and s are each an integer of 3-18, preferably 5-14. 

C p H 2p +i 



S ri 2S*l 



o 

-C-0 




O - C - C q H 2 q4j 



wherein M is two protons Mg, Fe, Co, Ni, Mn, Zn, Cu. Pb. Pd, Cd, Rh or Ru, preferably two protons Fe, Co, Ni, 
Zn or Cu. p, q. r and s are each an integer of 3-18, preferably 5-14. 
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9p H 2p+l 

* o 




wherein M is two protons Mg, Fe. Co, Ni, Mn, Zn, Cu, Pb, Pd, Cd. Rh or Ru, preferably two protons Fe, Co, Ni, 
40 Zn or Cu. p, q, r and s are each an integer of 3- 1 8, preferably 5-14. 
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C r H 2r 4! 



30 ■ 

wherein M is two protons Mg, Fe, Co, Ni, Mn, Zn, Cu, Pb, Pd, Cd, Rh or Ru. preferably two protons Fe p Co, Ni, 
2n or Cu. p. q, r and s are each an integer of 3-18. preferably 5-14. 
35 Also, polymers such as polyacrylates or polysiloxanes having a compound having the above mentioned structural 
formula at the side chain are preferably used. 
Examples thereof are as follows: 
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(^Structural formula 11^) 




C n H 2n +J 



wherein n is an integer of 1-18, preferably 3-14. 




c n H 2jmi 



wherein n is an integer of 1-18, preferably 3-14. 
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-^CH-CH 2 ^— 



I 

C 0 

O. .0 - C n H 2 n +1 



C n H 2n *i 



C n H 2n +l 




0-C n H 2 n 



C n H 2n +1 



wherein n is an integer of 1-18. preferably 3-14. 



C n H 2 n *i 



C H 3 



0-C n H 2n 41 




0 " C n H 2n 41 

c n H 2n 4i 



wherein n is an integer of 1-18, preferably 3-14. 
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c n H 2n +1 

wherein n is an integer of 1-18, preferably 3-14. 



-TOO 4 ItJ A < | 
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wherein n is an integer of 1-18. preferably 3-14, m is an integer of 2-16, preferably 4-12. 




wherein n is an integer of 1-18, preferably 3-14, m is an integer of 2-16, preferably 4-12. 
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c n H 2n +i 

wherein n is an integer of 1-18, preferably 3-14, mis an integer of 2-16, preferably 4-12. 



30 




wherein n is an integer of 1-18, preferably 3-14. 

55 
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wherein n is an integer of 1-18. preferably 3-14. 




\ 

C — C n H 2 n*i 



wherein n is an integer of 1-18, preferably 3-14. 
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c n H 2nti~C 

O O 



C n H 2n 4i - C 
O 



wherein n is an integer of 1-18, preferably 3-14. 




wherein n is an integer of 1-18. preferably 3-14. 
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wherein n is an integer of 1-18, preferably 3-14. m is an integer of 2-16, preferably 4-12. 
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c n H 2n +i 



35 wherein n is an integer of 1-18, preferably 3-14. m is an integer of 2-16, preferably 4-12. 

The average molecular weight of the above polymers are 5,000 - 100,000. 

The structural formulae shown above are typical examples of discotic liquid crystalline compounds employable in 
the invention and there is made no limitation thereto. Discotic liquid crystalline compounds of any structure may each 
be used alone or in the form of a composition in so far as they possess any of the foregoing properties. 
40 As the discotic liquid crystalline material, in order to avoid transition from liquid crystal phase to crystal phase, there 
is used a compound wherein all of plural substituent groups attached to mesogen are different. When a compound 
wherein all of the substituent groups are the same, ft is desirable to use the compound as a composition with at least 
one another compound different (in mesogen andfor substituent groups) from the compound. 

Most of the discotic liquid crystalline compounds contain many ether linkages or ester linkages in the molecule. 
45 Known reaction methods are adoptable for the formation of those linkages. For example, for the formation of ether link- 
ages, there may be adopted the Williamson method involving a nucleophilic substitution reaction of alkoxide ion with a 
primary alkyl halide. For the formation of ester linkages there may be used, for example, an acid chloride method involv- 
ing reaction of an acid chloride with alcohol, or a deacetylation reaction which is the reaction of an acetylated compound 
of alcohol with an acid. There is no special limitation. Each discotic crystalline compound employable in the invention is 
so not required to undergo a reaction control such as selecting a substituent group at each substitution site of a discogen 
constituting compound. For example, therefore, though a concrete description of a structural formula is difficult, it is pos- 
sible to react in a single reaction system the discogen constituting compound with compounds capable of becoming a 
variety of substituent groups in a larger number than the number of substitution sites of the discotic liquid crystalline 
compound to afford a discotic liquid crystalline compound or a composition containing the said compound. In this case 
55 it is possible that a certain substituent group will not be bonded in the molecule of a certain discogen constituting com- 
pound but be bonded in the molecule of another compound. In the present invention, since the transition from liquid 
crystal phase to crystal phase is not desirable, the use of such various kinds of substituent groups as mentioned above 
is preferred, for example, in deteriorating the symmetricity of the molecular structure. Preferably, the discotic liquid crys- 
talline material used in the present invention is substantially constituted by only the discotic liquid crystalline compound 
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explained above. 

For obtaining a compensating film with a uniformly fixed hybrid orientation, using the above discotic liquid crystal- 
line material, it is desirable in the invention to use a substrate which will be described below and go through the following 
steps. 

Reference will be made first to the substrate (hereinafter referred to as "alignment"). 

In order to obtain the hybrid orientation in the invention it is preferred that the layer of the discotic liquid crystalline 
material be sandwiched in between different upper and lower interfaces. If the layer is sandwiched in between the same 
upper and lower interfaces, the orientation at the upper interface of the layer and that at the lower interface of the layer 
will become the same, thus making it difficult to obtain the hybrid orientation. 

According to a concrete embodiment, alignment substrate and an air interface are utilized and the lower surface of 
the discotic liquid crystalline layer is brought into contact with the alignment substrate, while the upper surface thereof 
is contacted with the air. It is also possible to use upper and lower substrates of different substrates, but in point of man- 
ufacturing process it is preferable to use a single substrate and an air interface. 

The alignment substrate employable in the present invention preferably has anisotropy so that a tilting direction of 
liquid crystal (projection of directors to the alignment substrate) can be defined. If the alignment substrate used cannot 
define the tilting direction of liquid crystal, there will be obtained only a disorderly tilted structure (disordered vectors of 
projected directors to the substrate). 

As the alignment substrate, one having anisotropy in a plane is preferred. Examples are film substrates of plastics 
such as polyimides, polyamide-imides, polyamides. polyether ketones, polyketone sulfides, polyether sulfones. polysul- 
fones. polyphenylene sulfides, polyphenylene oxides, polyethylene terephthalates. polybutylene terephthalates. poly- 
ethylene naphthalates, polyacetals. polycarbonates, polyarylates, acrylic resins, polyvinyl alcohols, polypropylenes, 
cellulosic plastics, epoxy resins, and phenolic resins, uniaxialiy stretched film substrates thereof, metallic substrates 
such as aluminum, iron and copper substrates with slits formed in the surfaces thereof, and glass substrates such as 
alkali glass, borosilicate glass and flint glass substrates having etched slits in the surfaces thereof. 

The substrates exemplified above may have been subjected to a surface treatment such as a hydrophilicizing or 
hydrophobicizing treatment. Also employable are rubbing-treated plastic film substrates obtained by rubbing the plastic 
film substrates exemplified above, as well as the above-exemplified substrates having rubbing-treated plastic films such 
as. for example, rubbing-treated polyimide films and rubbing-treated polyvinyl alcohol films. Further employable ar the 
above-exemplified substrates having an oblilquely vapor-deposited film of silicon oxide. 

Among the above various alighment substrates, as examples of those suitable for forming such a hybrid orientation 
of discotic liquid crystal as in the present invention there are mentioned substrates having a rubbing-treated polyimide 
film, as well as rubbing-treated polyimide, polyether ether ketone, polyether ketone, polyether sulfone. polyphenylene 
sulfide, polyethylene terephthalate. polyethylene naphthalate and polyarylate substrates, further, cellulosic plastic sub- 
strates. In the compensating film of the present invention, the angle of the discotic liquid crystal directors relative to the 
film plane is different between the upper surface and the lower surface of the film. At the substrate-side film surface the 
said angle can be adjusted in the range of 60° to 90° or in the range of 0° to 50°. In view of the manufacturing process 
it is preferable that the angle between the discotic liquid crystal directors in the vicinity of the film interface with the ori- 
enting substrate be adjusted in the range of 60° to 90°. 

The compensating film of the present invention is obtained by applying the foregoing discotic liquid crystalline 
material onto the alignment substrate and then going through uniform orienting and fixing steps. 

The application of the discotic liquid crystalline material can be effected by using a solution of the discotic liquid 
crystalline material in any of various solvents or by using the said material in a molten condition. But the former, namely, 
solution application is preferred. 

The following description is now provided about the solution application. 

A solution containing a predetermined concentation of the discotic liquid crystalline material is prepared by dissolv- 
ing the same material in a solvent. As the solvent there usually is employed, though depending also on the kind of the 
discotic liquid crystalline material used, any of halogenated hydrocarbons such as chloroform, dichloromethane, carbon 
tetrachloride, dichloroethane, tetrachloroethane, trichloroethylene, tetrachloroethylene. chlorobenzene and o-dichlo- 
robenzene, phenols such as phenol and p-chlorophenol, aromatic hydrocarbons such as benzene, toluene, xylene, 
ethylbenzenemethoxybenzene and 1,2-dimethoxybenzene, as well as acetone, methyl ethyl ketone, ethyl acetat , t- 
butyl alcohol, glycerol, ethylene glycol, triethylene glycol, hexylene glycol, ethylene glycol monomethyl ether, diethylene 
glycol dimethyl ether, ethyl cellosolve, butyl cellosolve. rbutyrolactone, 2-pyrrolidone, N-methyl-2-pyrrolidone. pyridine, 
triethylamine. dimethylformamide. dimethylacetamide, acetonitrile, butyronitrile, dimethyl sulfoxide, carbond disulfide, 
and mixtures thereof. 

The concentration of the solution cannot be said sweepingly because it depends on the solubility of the discotic liq- 
uid crystalline material used and the thickness of the desired compensating film, but usually it is in the range of 1 to 60 
wt%, preferably 3 to 40 wt%. 

The solution of the discotic liquid crystalline material thus prepared is then applied onto the alignment substrate 
described above, for example by spin coating method, roll coating method, printing method, dipping/pulling-up method, 
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or curtain coating (die coating) method. 

Thereafter, the solvent is removed, allowing a layer of the discotic liquid crystalline material having a uniform thick- 
ness to be formed on th substrate. Conditions for removing the solvent are not specially limited if only the solv nt can 
mostly be removed and the material layer does not flow or drop. Usually the solvent is removed by air-drying at room 
temperature, drying on a hot plate, drying in a drying oven, or the spray of warm or hot air. 

This solution applying and drying step intends to form a layer of the discotic liquid crystalline material having a uni- 
form thickness on the substrate, in which stage the liquid crystalline material layer does not form a hybrid orientation 
yet. For forming a hybrid-orientation it is desirable in the present invention to perform the following heat treatment 

The heat treatment is conducted at a temperature of not lower than the liquid crystal transition point of the discotic 
liquid crystalline material. More specifically, orientation is allowed to take place in the state of liquid crystal of the mate- 
rial. Alternatively, the material is once brought into an isotropic liquid state at a temperature higher than the termpera- 
ture range in which liquid crystal phase is presented, and thereafter the temperature is dropped to the temperatue 
range. 

The heat treatment temperature is usually in the range of 50° to 300°C, preferably 100° to 250°C. 

As to the time required for satisfactory orientation of liquid crystal, it cannot be said sweepingly because it differs 
depending on the kind of the discotic liquid crystalline material used. But the said time is usually in the range of 5 sec- 
onds to 2 hours, preferably 10 seconds to 40 minutes, more preferably 20 seconds to 20 minutes. If the time is shorter 
than 5 seconds, it is likely that the temperature of the discotic liquid crystalline material layer will not rise up to a prede- 
termined level, resulting in unsatisfactory orientation. A longer time than 2 hours is not desirable because of deteriora- 
tion of productivity. 

Through the above steps it is possible to form a hybrid orientation in the state of liquid crystal. 
In the above heat treatment step there may be used a magnetic or electric field for orienting the discotic liquid crys- 
talline material. However, if a magnetic or electric field is applied while heat treatment is performed, a uniform field force 
acts on the liquid crystalline material layer, so that the liquid crystal layers are apt to face in a certain direction and 
hence it becomes difficult to obtain the hybrid orientation intended in the invention in which the directors are changed 
in the film thickness direction. If the field force is removed after an orientation other than the hybrid orientation, e.g. 
homeotropic orientation or tilt orientation, is formed, it is possible to obtain a thermally stable hybrid orientation. How- 
ever, this brings about no special merits in the manufacturing process. 

The hybrid orientation in the state of liquid crystal thus obtained is then cooled, whereby the orientation form is fixed 
without impairment, thus affording the compensating film of the present invention. 

Generally, in the case where a crystalline phase appears in the course of cooling, the orientation in the state of liq- 
uid crystal is destroyed with crystallization. In contrast therewith, the discotic liquid crystalline material used in the 
present invention does not have any crystalline phase, or even when it has a crystalline phase latently, the crystal phase 
does not appear during cooling, or although a clear crystal transition point or liquid crystal transition point is not con- 
firmed, the material does not exhibit fluidity in the working temperature range of the film nor does its orientation form 
change even under the application of an external field or force. Since the liquid crystalline material used possesses 
such a property, the orientation form is not destroyed by crystallization. 

For cooling, it suffices to take out the discotic liquid crystalline material from the heat treatment atmosphere into the 
atmosphere of room temperature, whereby the discotic liquid crystal can be fixed uniformly. Forced cooling such as air 
cooling or water cooling, or slow cooling, may be performed, and no limitation is placed on the cooling speed. 

The thickness of the compensating film after the fixing is preferably in the range of 1 0nm to 1 00p,m, more preferably 
1 0Onm to 50{im. If the film thickness is smaller than 1 0nm, it will be difficult to obtain a satisfactory optical performance 
due to small birefringence. If the film thickness exceeds 100jim, an orientation defect is apt to occur during production. 
Thus, both such cases are undesirable. 

In the hybrid orientation obtained according to the present invention, the angle in the film thickness direction is set 
in such a manner that the absolute value of the angle between the film directors and the film plane is in the range of 60° 
to 90° at one of the upper and lower surfaces of the film, while at the opposite surface it is in the range of 0° to 50°. 
Adjustment to desired angles can be made by suitably selecting the discotic liquid crystalline material and orienting 
substrate to be used. Even after formation of the film, adjustment to desired angles can be made by adopting a method 
of scraping the film surface uniformly or a method of dissolving the film surface uniformly in a solvent The solvent to be 
used is suitably selected according to the kind of the discotic liquid crystalline material used and that of the alignment 
substrate used. 

As the method for loading the compensating film thus obtained actually onto an OCB mode driving liquid crystal 
cell there may be adopted any of the following three methods: <D using the compensating film alone. @ using the com- 
pensating film as formed on the alignment substrate, ® laminating the compensating film to another substrate different 
from-the alignment substrate. 

In the case of using the compensating film alone, the alignment substrate is peeled from the film at the interface, 
for example by © a mechanical peeling method using rolls, © a method involving dipping in a poor solvent which is 
poor for all of the constituent materials and subsequent mechanical peeling/© a peeling method using an ultrasonic 
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wave in a poor solvent, ® a peeling method which utilizes a temperature change based on the difference in thermal 
expansion coefficient between the alignment substrate and the film, or © a method of dissolving off an alignment film 
formed on the alignment substrate. Since the peelability differs depending on the adherence between the discotic liquid 
crystalline material used and the alignment substrate used, there should be adopted a method most suitable for the sys- 
tem used. 

Next in the case of using the compensating f i!m as formed on the alignment substrate, if the alignment substrate 
is transparent and optically isotropic, or if the alignment substrate is a necessary component for a desired OCB mod 
liquid crystal display, the laminate of the alignment substrate and the film may be used as it is as a compensating ele- 
ment for the desired OCB mode liquid crystal display. ...... . „. A . , 

The compensating film of the present invention obtained by orientation-fixing the discotic liquid crystalline material 
on the alignment substrate may be peeled from the substrate, then laminated to another substrate more suitable for an 
optical use. and the resulting laminate constituted at least by both film and another substrate different from the align- 
ment substrate may be used as a compensating element for an OCB mode liquid crystal display. 

For example in the case where the alignment substrate used is necessary for obtaining the hybrid orientation form 
but exerts an undesirable influence on an OCB mode liquid crystal display, the substrate may be removed from the com- 
pensating film after fixing the orientation form. More specifically, there may be adopted the following method. 

A substrate (hereinafter referred to as the "second substrate") suitable for a liquid crystal element to be incorpo- 
rated in a desired OCB mode liquid crystal display and the compensating film on the alignment substrate are affixed 
together using an adhesive or a pressure-sensitive adhesive. Next, the alighment substrate and the compensating film 
are peeled from each other at the interface, and the compensating film is transferred onto the second substrate side, 
whereby the compensating element can be produced. 

The second substrate to be used for the transfer is not specially limited if only it has a moderate flatness, but a glass 
substrate or a transparent plastic film having optical isotropy is preferred. As examples of such a plastic film there ar 
mentioned films of polymethacrylates. polystyrenes, polycarbonates, polyether suKones, polyphenylene sulfides, pol- 
yarylates, amorphous polyolefins, triacetyl cellulose, and epoxy resins. Particularly preferred are films of polymethyl 
methacrylates, polycarbonates, polyarylates. triacetyl cellulose, and polyether sulfones. Even in the case of an optically 
anisotropic film, it may be used as it is if it is a necessary component for the desired liquid crystal display. Examples of 
such an optically anisotropic film include retardation films obtained by stretching such plastic films as polycarbonate 
and polystyrene films, as well as polarizing films. 

As a further example of the second substrate, mention may be made of a driving liquid crystal cell itself. The liquid 
crystal cell employs two upper and lower glass or plastic substrates each provided with an electrode. By transferring the 
compensating film of the invention onto one or both of the upper and lower glass or plastic substrates, the incorporation 
thereof in the liquid crystal display is completed. Of course, it is possible to prepare the compensating film of the inven- 
tion by using as an alignment substrate(s) the glass or plastic substrate(s) itself which constitutes the driving liquid crys- 
35 tal cell 

The adhesive or pressure-sensitive adhesive for affixing the second substrate for transfer and the compensating 
film of the invention to each other is not specially limited insofar as it is of an optical grade. For example, there may b 
used an adhesive or pressure-sensitive adhesive prepared from acrylic resin, epoxy resin, ethylene-vinyl acetate copol- 
ymer, rubber, urethane resin, or a mixture thereof. The adhesive used may be a thermosetting type, photocuring type. 
40 or electron beam curing type, provided it is necessary for the adhesive to possess optical isotropy. 

By the transfer onto the second substrate described above it is possible to obtain a compensating element wherein 
the angle between the discotic liquid crystal directors located near the film interface on the second substrate side and 
the film plane is in the range of 0° to 50°. 

On the surface of the compensating film according to the present invention there may be disposed a protective film 
45 such as a transparent plastic film for surface protection. 

The compensating film thus obtained is incorporated in an OCB mode liquid crystal display in such an arrangement 
as will be described below and it can thereby exhibit compensating effects, namely, color compensation and viewing 
angle compensation, for the driving liquid crystal cell used in the liquid crystal display. A single or plural sheets, prefer- 
ably one or two sheets, more preferably two sheets, of the compensating film are used, whereby satisfactory compen- 
50 sating effects can be exhibited. 

Reference will be made first to color compensation using the compensating film of the present invention. For effect- 
ing color compensation, it is required that an apparent retardation (hereinafter referred to as "in-plane retardation") of 
the compesating film when seen from the front and an in-plane retardation induced by the liquid crystal orientation in 
the driving liquid crystal cell of OCB mode corresponding to black display be equal to each other in terms of their abso- 
55 lute values and that the respective slow axes be substantially orthogonal to each other. The slow axis of an in-plane 
retardation of the driving liquid crystal cell is usually parallel to the direction of an orienting treatment such as rubbing 
treatment on the substrate. On the other hand, the in-plane retardation of the compensating film according to the 
present invention is such that the direction obtained when the discotic liquid crystal directors are projected in the film 
plane corresponds to an apparent fast axis, while the in-plane direction perpendicular to the said axis corresponds to a 
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slow axis That is, a satisfactory color compensating effect is exhibited by arranging the substrate orientinn treatment 

ssr r 6 d n ? ,iquid ^ cen and direction ° btained u p° n i^^^Sis^JS^ 

the film plane approximately in parallel with each other or approximately counterparallelwise 

In the case of using plural sheets of the compensating film, a satisfactory color comoensatjna after* i« ovhih^ k 
mak-ng the slow axes of the plural films orthogona. to thaiof the driving ceSby seTng "the 2S2lV2S2S£ 
absolute values of the films at a value almost equal to the absolute value of insane" reteSon of £e*£uid £22? 

The retardation of the driving liquid crystal cell in black display canno? be said w^^^hSSSTSSS 
depending on the gap in the liquid crystal cell used, driving conditions, and whether the cellTs to be U 1S in noS 
whrte mode or ,n normally black mode. But against a monochromatic light the retardation in i^TwESTfi 
. range of 20nm to lOOOnm. preferably 50nm to 800nm. and more preferably 80nm to SOOnm * 

Next, a descr.pt.on will be given of viewing angle compensation using the compensating flm of the present inven- 
SE^? TT 9 w? f com P~" n B fi,m for effec « n 9 *• ^wing angle cornpensatio id a saSaSory extent ?s 
substantially -l.rn.ted to the arrangement adopted above for attaining a satisfactory color compensating ^ffecTwnich 
arrangement, however, is also suitable for the exhibition of viewing angle compensation. More piSESLrTf. taS 
crystal d.rectors .n the driving liquid crystal cel. are present in the zx plane in Fig 1 and vary in the thicS directten 
bkew.se. *e d.rectors of the compensating film in question are also present in the zx plane and vary in to SSSSS 

t^TlZ L r ° tatory diSperSi ° n induCed in * e ,iquid ^ ce » fa y "9"* w "ich travels alon^ 

the yz p ane can be cancelled by the compensating film, so that the viewing angle in the plane direction becomes wider 
On the other hand, against light travelling along the zx plane in Fig. 1, the liquid crystal cell does not cause an opti- 
cally rotatory dispersion, nor does the compensating film cause such a dispersion. Thus, the compensating film of tf,e 

OcTInodT 6X6,1 ' UenCe °" 4,18 dfMna liqUW CTyStal 06,1 USSd the ,iquid dis P lay of 

Further, in the zx plane direction in Fig. 1 . the refractive index anisotropy of the rod-like liquid crystal in the liouid 
crystal ceN can be compensated by the refractive index anisotropy of the discotic liquid crystal in the compensating film 
and therefore the widening of the viewing angle can be attained also in the zx plane direction 

For viewing angle compensation using the compensating film of the invention there is no special limitation on other 
optical parameters if only the foregoing arangement condition relating to color compensation is satisfied In the case 
where only v.ew,ng angle compensation is to be made by the compensating film of the invention, it is not necessary to 
meet the anangement condition relating to color compensation. It is more preferable that the absolute value of the prod- 
uct of liquid crystal birefringence and film thickness be approximately equal between the driving liquid crystal cell and 
the compensating film. The "birefringence" as referred to herein indicates the anisotropy of refractive index inherent in 
the liquid crystal. More particularly, it indicates a difference between a refractive index in the optical axis direction 
obtained in a uniaxial orientation wherein the liquid crystal directors face in one direction and a refractive index in a 
direction prependicular thereto. The product of the birefringence and film thickness is usually in the range of 100nm to 
300nm. preferably 200nm to 2.000nm. more preferably 300nm to 1 .500 nm in absolute value. In the case of using plural 
sheets of the compensating film, it is desirable that the value obtained by totaling the absolute values of the products of 
compensating film birefringence and film thickness be within the aforesaid range. However, it is not always necessary 
that the value obtained by multiplying birefringence by film thickness be completely coincident between the driving liquid 
crystal cell and the compensating film. Even when there is a great difference between the two, there is obtained an out- 
standing viewing angle compensating effect as compared with the case where the compensating film of the invention 
is not incorporated in the cell. On the other hand, a high accuracy is required for the matching between the driving liquid 
crystal cell for OCB mode and the compensating film to exhibit the foregoing color compensating effect. 

If the arrangement of the compensating film of the invention and the liquid crystal cell is shown schematically from 
the standpoint of exhibiting the above-mentioned color and viewing angle compensating effects, there can be illustrated 
such patterns as in Fig. 4. In all of the patterns, directors of a nematic liquid crystal in the driving liquid crystal cell for 
OCB mode (nearly coincident with the molecular major axis direction) and directors of the discotic liquid crystal mole- 
cules are all present in the zx plane. The patterns (a), (b) and (c) in Fig. 4 each employ one sheet of the compensating 
film (although in Fig.4 the film is positioned on the upper surface of the driving liquid crystal cell, it maybe disposed on 
the lower surface side), the patterns (d). (e). (f) and (g) each employ two sheets of the compensating film, which are 
positioned on the upper and lower surfaces, respectively, of the liquid crystal cell. The patterns (h), (i). (D and (k) each 
employ two sheets of the compenating film in a superimposed fashion (although in Fig. 4 the films are positioned on the 
upper surface of the liquid crystal cell, they may be disposed on the lower surface side). The illustrated patterns consti- 
tute no limitation. Of the illustrated patterns, however, the patterns (e) and (i) are particularly preferred in exhibiting sat- 
isfactory color and viewing angle compensating effects. 

The above-described arrangement conditions for the compensating film relative to the OCB mode driving liquid 
crystal cell are substantially the same between the case where the compensating film is used as it is on the alignment 
substrate and the case where it is transfened onto the second substrate. 

Under the anangement conditions described above the compensating film of the invention is incorporated in the 
OCB mode liquid crystal display. As to the other components of the liquid crystal display than the compensating film to 
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be incorporated in the same display such as, for example, polarizing plates and the driving liquid crystal cell for OCB 
mode, there is no special limitation. But reference will be made below to arrangement conditions and materials of those 
components. 

The arrangement of polarizing plates is usually the same as in Fig. 1 . More specifically, the angle of a transmission 
axis of each polarizing plate relative to the projection direction of the liquid crystal directors in the liquid crystal cell to 
the cell substrate is approximately 45° or 135°. Upper and lower polarizing plates are in a relation such that their trans- 
mission axes are nearly orthogonal to each other. A deviation from the orthogonal condition of the upper and lower 
polarizing plates is usually within ±20°, preferably within ±10°. 

The driving liquid crystal cell for OCB mode is obtained by sandwiching a nematic liquid crystalline material in 
between two electrode substrates which have been subjected to an alignment treatment As the electrode substrates 
there may be used, for example, glass or plastic substrates having electrically conductive layers of ITO. transistor thin 
film electrodes or diode thin film electrodes. An alignment film is disposed on each of the electrode substrates. Usually 
a rubbing-treated polyimide or polyvinyl alcohol film is used as the alignment film. An obliquely vapor-deposited film of 
silicon oxide is also employable as the alignment layer. 

When one or plural sheets of the compensating film according to the present invention are used, the film exhibits 
the greatest effect in improving the viewing angle of the driving liquid crystal cell used in the OCB mode liquid crystal 
display. It is also possible to use conventional optical films in combination such as, for example, an optical film having a 
negative uniaxial refractive index structure, an optical film having a positive unixial refractive index structure and an opti- 
cal film having a biaxial refractive index structure. Further, the polarizing plates may be combined with polarizing plates 
whose viewing angle dependency has been improved. However, it is the compensating film of the present invention that 
plays a decisive role in the compensation. No matter how conventional optical films alone may be combined, it is impos- 
sible to obtain such excellent compensating effects as attained by the compensating film of the present invention. 

Thus, the OCB mode liquid crystal display incorporating the compensating film of the invention therein can attain a 
high contrast ratio and a wide viewing angle so far not obtainable. 

The drivig liquid crystal cell used in the coventional OCB mode liquid crystal display, for obtaining as wide a viewing 
angle as possible, has encountered a limit on the parameter setting range for the liquid crystal cell. In contrast therewith, 
the compensating film of the present invention permits easy control of the orientation form and can compensate almost 
completely for the liquid crystal cell of any optical parameters. Consequently, the freedom of parameter setting for a liq- 
uid crystal cell becomes wider. Thus, also from the standpoint of industrial production of the driving liquid crystal ceil 
used in an OCB mode liquid crystal display, the value of the compensating film according to the present invention is 
high. 

[Examples] 

Working examples of the present invention will be described below, but the invention is not limited thereto. In the 
working examples there were used the following analyzing methods. 

(Determination of Chemical Structure) 

Determined using 1 H-NMR (JNM-GX400, a product of Japan Electron Optics Laboratory Co., Ltd.). 

(Observation with Optical Microscope) 

Orthoscope observation and conoscope observation were conducted using a polarizing microscope BX-50 (a prod- 
uct of Olympus Optical Co., Ltd.). Identification of a liquid crystal phase was performed by texture observation under 
heating on a Mettler hot stage (FP-80). 

(Polarization Analysis) 

Conducted using an ellipsometer DVA-36VWLD (a product of Mizoshiri Kogaku Kogyosho K.K.) 
(Measurement of Refractive Index) 

Conducted using an Abbe's refractometer Type-4T (a product of Atago K.K.). 
(Measurement of Film Thickness) 

Conducted using mainly a high-precision thin film step measuring instrument ET-10 (a product of Kosaka Kenky- 
usho K.K.). There also was adopted a method of determining the film thickness on the basis of both interference wave 
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reSe7n^date traVi0let * ViSible " near spectrophotometer v ' 570 manufactured by Nippon Bunko Co.) and 



10 



(Example 1) 

50 mmol of hexahydraxytruxene. 150 mM of p-hexylbenzoic acid chloride and 150 mmol of p-hexyloxybenzoic acid 
chlor.de were dissolved in U of dried pyridine and the resulting solution was stirred at 90«C for 5 hours in a nitnjen 
atmosphere^ Then l the reacton solution was poured into 10/ of water. The resulting precipitate was separated by fflm- 
-on, washed with ai N hydrochloric acid, then with pure water, and dried to afford a discotic liquid crystalline 2 
(a brown powder 68g) of the following formula (1): ffl 
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20 



25 





■(§~O- 0 - c ' h ") 3 . 



(1) 



30 

The right-hand numerals of the parentheses each represent a molar composition ratio 
This material was observed on the Mettler hot stage to find that the material had schlieren pattern and ND phase 
with no crystal phase developed even on cooling. 10g of the material was dissolved in 40g of chloroform to prepare a 
20 wt% solution. This solution was then applied by the spin coating method onto a glass substrate of 15cm x 15cm hav- 
35 ing a rubbing-treated polyimide film, then dried on a hot plate of 80*C. heat-treated in an oven at 250°C for 30 minutes, 
thereafter taken out and cooled to yield a compensating film 1 on the transparent substrate. 

The thickness of the film was 6.0jim. According to the refractive index measurement which will be described later, 
the birefringence of the discotic liquid crystalline material of the formula (1) was found to be 0. 1 1 , and the product of the 
birefringence and the film thickness was 660nm. 
40 Polarization analysis was conducted using the ellipsometer to find that an apparent retardation value at the front 
was 1 50nm. A slow axis was found in an in-plane direction of the film perpendicular to the rubbing direction. 

Next, the compensating film 1 as formed on the substrate was sandwiched in between crossed polarizers in such 
a manner that projection vectors of the liquid crystal directors in the compensating film to the film surface and transmis- 
sion axes of the polarizers are at an angle of 45°. The compensating film 1 , together with the substrate, was tilted in the 
45 directors 1 projection vector direction to the film surface (coincident with the rubbing direction) and an apparent retarda- 
tion value was measured. As a result, there was obtained the graph of F.g. 5. From the value of tilt angle indicating a 
minimum value of retardation, and taking into account the refractive index to be described below, there was obtained 
the result that an average tilt angle was 25°. From Fig. 5 it turned out that the liquid crystal directors tilted in such a 
direction as shown in Fig. 5 relative to the substrate rubbing direction. 
so Measurement of refractive index was conducted in the following manner. 

On a high refractive index glass substrate having a rubbing-treated polyimide film there was formed a compensat- 
ing film in the same manner as in the formation of the compensating film 1, and the measurement of refractive index 
was made using the Abbe's refractometer. The glass substrate was placed so as to contact the prism surface of the 
refractometer and so that the substrate interface side of the compensating film was lower than the air interface side. As 
55 a r suit, there was no anisotropy in in-plane refractive indices and a constant value of 1.67 was obtained. Also in the 
thickness direction, refractive indices were almost constant and a value of 1 .56 was obtained. From this result rt turned 
out that on the glass substrate side disc-like liquid crystal molecules were oriented in parallel with the substrate (direc- 
tors were perpendicular to the substrate plane). Next, when the substrate was disposed in such a manner that the air 
interface side of the compensating film was in contact with the prism surface of the refractometer, there were obtained 
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a refractive index of 1 .56 in a plane parallel to the rubbing direction and a refractive index of 1 .67 in a plane perpendic- 
ular to the rubbing direction. In the thickness direction there was obtained a constant value of 1 .67 irrespective of the 
direction of sample. From this result it turned out that on the air interface side the disc-like liquid crystal molecules were 
oriented in a direction perpendicular to the substrate rubbing direction (directors are parallel to the substrate plane). 
Such a refractive index structure is also true of the compensating film 1 . Now it turns out that the refractive indices pecu- 
liar to the compensating f ilm 1 are 1 .56 (ne) in a direction parallel to the directors and 1 .67 (no) in a direction perpen- 
dicular to the directors and that the difference is 0. 1 1 . 

Two sheets of the compensating film 1 having the above structure were arranged on an OCB cell as in Fig. 6 [cor- 
responding to (d) in Fig. 4]. The OCB cell was obtained by injecting Merck's liquid crystal ZLI-1237 (An=0.14) between 

io ITO electrode substrates having two rubbing-treated polyimide films. The gap between the electrode substrates in this 
cell was set at 9.0jim. The liquid crystal cell was driven at 2.2V, 3.9V and 6.0V. With use of the compensating films, 
there were obtained black at 2.2V. white at 6.0V and a half tone at 3.9V. Apparent in-plane retardations were measured 
with respect to the liquid crystal cell alone and were found to be 300nm at 2.2V and 1 10nm at 6.0V. Viewing angle 
dependence of transmittance was determined and the results shown in Fig. 7 were obtained. It turned out that the use 

is of the compensating films could afford a liquid crystal display of a wide vertical and horizontal viewing angle. 

(Example 2) 

50 mmol of hexaacetoxytriphenylene. 100 mmol of butoxybenzoic acid. 100 mmol of hexyloxybenzoic acid and 100 
20 mmol of octyloxybenzoic acid were stirred vigorously with a mechanical stirrer in a nitrogen atmosphere in a glass flask 
and a deacetylation was allowed to take place at 280°C for 8 hours while the stirring was continued to afford a discotic 
liquid crystalline material of the following formula (2): 
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(2) 



45 



50 



55 



The right-hand numerals of the parentheses each represent a molar composition ratio. 

The material thus obtained was observed on the Mettler hot stage to find that it had ND phase and that no crystal 
phase was developed even on cooling from liquid crystal phase. Further, no fluidity was observed at temperatures 
below 100°C. A butyl cellosolve solution containing 15 wt% of the liquid crystal material was prepared and then applied 
by the printing method onto a glass substrate (30cm square, 1 .1 mm thick) having a rubbing-treated polyimide film, then 
air-dried, heat-treated at 220°C for 30 minutes, and thereafter cooled to solidify at room temperature. The resulting 
compensating film 2 on the substrate was tansparerrt, free of any orientation defect, and had a thickness of 5.4fjun. 
Refractive index measurement showed that the liquid crystal directors were nearly perpendicular to the alignment sub- 
strate on the substrate interface side and nearly parallel to the substrate on the air interface side and that ne-1.56, 
no=1 .65. Thus, the difference in refractive index between no and ne was 0.09 and the product between it and the film 
thickness was 490nm. An apparent in-plane retardtion value was 55nm, and a slow axis was located in an in-plane 
direction perpendicular to the rubbing direction. 

Two sheets of the compensating film 2 having the above structure were arranged on an OCB cell as in Fig. 8 [cor- 
responding to (d) in Ftg. 4]. The OCB cell used was the same as that used in Example 1 . The liquid crystal cell was 
driven at 2.2V, 3.9V and 6.0V. With use of the compensating films, there were obtained white at 2.2V, black at 6.0V and 
a half tone at 3.9V. viewing angle dependence of transmittance was determined and the results shown in Fig. 9 wer 
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(Example 3) 



75 



20 



(Example 4) 

A compound of the following formula (3) was prepared as a discotic liquid crystalline material: 
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The right-hand numerals of the parentheses each represent a molar composition ratio. 
This compound was dissolved in xylene to prepare a 12 wt% solution. 

Then using a roll coater, the solution was applied over a length of 10m onto a rubbing-treated polyimidefilm havina 
a wjdth of 25cm (obtained by rubbing a Du Ponfs "kapton" film having a thickness of loojm). then mESSi 00«a S 
trea^^ e f i^° C * ° 00tod to ***** M * a —P^ng filmlo^^ubSing 

Since the polyimide film lacks transparency and involves a problem in its use as a substrate for a compensator the 
compensating film 3 was transferred onto a polyether sulfone of an optical grade through a pressure-sensXHSive 
More specrfjcally * e polyether sulfone which has been applied with the prssure-sensitiv adhesive and I the*2l on 

each other, followed by peeling of the rubbing-treated polyimide film. 

Due to the transfer operation, the relation between the compensating film 3 and the substrate on the polyimide film 
and that on the polyetehr sulfone having the adhesive layer are reverse to each other. Directors of the film 3 after peel- 
ing are substantially parallel to the film plane on the side contacting the adhesive layer, while on the air side they are 
nearly perpendicular to the film plane. v e 

The thickness of the film 3 was 3.6pm. Refractive indices were 1.54 in the director direction and 1 .68 in a direction 
perpendicular to the directors. An apparent in-plane retardation was 1 1 5nm 

Two sheets of the compensating film 3 on the polyether sulfone having the pressure-sensitive adhesive were 
^ 9 ,f 3 « llf [ corres P° ndm 9 to < e ) in R 9- <]■ An OCB cell was obtained by injecting Merck's liquid crystal ZL- 
. TLr? J* between ITO electrode substrates having two rubbing-treated polyimide films. The gap between the 

Si 8 " f *? " this Ce " was set at 6 5,U11 - 1116 lfc,uid ce " •» driv en ^ voltages in the range of 2 2V to 
6.0V. With use of the compensating f flms. there were presented black at 2.0V. white at 6.0V and a half tone at interme- 
diate voftages. Apparent in-plane retardations for the liquid crystal cell alone were measured and found to be 230nm at 
2.0V and 80nm at 6.0V. Viewing angle dependence of transmittance was determined and the results shown in Fig 13 
were obtained. It turned out that the use of the compensating films could afford a liquid crystal display of a wide vertical 
and horizontal viewing angle and not involving gray-scale inversion. 
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(Example 5) 

As a discotic liquid crystalline material there was used a polymer having a molecular weight of 15,000 and with 
mesogens couled using the octane diacid unit of the following formula (4): 

5 



10 



15 




20 

(4) 



25 

The right-hand numerals of the parentheses each represent a molar composition ratio. 
Molecular weight was determined by GPC and in terms of polystyrene. This polymer, not having a crystalline 
phase, exhibited glass transition at a temperature lower than ND phase. Tg was 65°C. The polymer was then dissolved 
in a mixed p-chlorophenol/tetrachloromethane solvent (weight ratio: 6:4) under heating to prepare a 16 wt% solution. 
30 The solution thus prepared was applied over a length of 10m onto a 25cm wide polyether ether ketone film which 
had been subjected to a rubbing treatment, by means of a roll coater, then dried with 100°C hot air, heat-treated at 
220°C for 20 minutes and thereafter cooled to solidify the liquid crystal phase into the glassy state, thereby affording a 
compensating film 4 on the rubbing-treated polyether ether ketone film. 

Since the polyether ether ketone film lacks transparency and involves a problem in its use as a substrate for a com- 
35 pensator, the compensating film 4 was transferred onto a triacetyfcellulose film of an optical grade through a pressure- 
sensitive adhesive. Peeling and transfer operations were the same as in Example 4. 

The thickness of the film 4 was 6.1jim. Directors of the discotic liquid crystal were approximately parallel to the film 
plane on the side contacting the pressure-sensitive adhesive layer, while on the air side the directors were nearly per- 
pendicular to the film plane. Refractive indices were 1.56 in the director direction and 1.64 in a direction perpendicular 
40 to the directors. An apparent in-plane retardation was 40nm. 

Two sheets of the compensating film 4 on the triacetyfcellulose film having the pressure-sensitive adhesive layer 
were arranged as in Fig. 14 [corresponding to (e) in Fig. 4]. There was used the same OCB cell as that used in Exasm- 
ple 4. Viewing angle dependence of transmittance was determined and the results shown in Fig. 15 were obtained. It 
turned out that the use of the compensating films could afford a liquid crystal display of a wide vertical and horizontal 
45 viewing angle and not involving gray-scale inversion. 

(Example 6) 

Using two sheets of the film 4 prepared in Example 5 and at the arrangement shown in Fig. 1 6, there was checked 
so viewing angle dependence [corresponding to (h) in Fig. 4]. The OCB cell used was the same as that used in Example 
4. Viewing angle dependence of transmittance was determined and the results shown in Fig. 17 were obtained. It 
turned out that the use of the compensating films could afford a liquid crystal display of wide viewing angles in both ver- 
tical and horizontal directions and not involving gray-scale inversion. 

55 (Example 7) 

As a discotic liquid crystalline material three was used an oligomer composition containing a b'rfunctional substrtu- 
ent group of the following formula (5): 
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The right-hand numerals of the parentheses each represent a molar composition ratio 
Using the oligomer composition, there was prepared a 15 wt% solution in tetrachloroethane and the solution ««« 
applied by the spin coating method onto a glass substrate of 1 5cm square having a ru^ngXl^poU^S^SZt 
dried on a hot plate of lOO'C. heat-treated in an oven at 180'C for 30 minutes and thereafter SESSKSSET 
P ™ ^ r ? "l J COOlin9 10 afford 3 ^P 6 " 53 ^ film 5 on the transparent substrate 

a „ = !;,! i ( S. 8SS 2 the "' m 5 Was 6 5fim - Wlh res P ecl to «» sub s«rate plane, discotic liquid crystal directors were at 
an angle of 85- on the side contacting the substrate and approximately 0- on the air side RefraXe ind ci weTe i « 

50nm ° n ** 165 in 8 dir6Cti0n P er P endicular *> *• directors. An apparent inXe w2 

The compensating film 5 was put on an OCB cell as in Fig. 18 [corresponding to (c) in Fig 4] The OCB cell 
obtained by .njectmg Merck's liquid crystal ZLI-1844 (An=0.18) between ITcJ electrode substrate ha*ng , two^^ 
treated potyim.de films. The gap between the electrode substrates in this cell was set at CIS^SSS 
voKages of 1 .6V, 3.0V and 5.0V. With use of the compensating film 5. there were presented Twnite^ a 1 
and a half tone at 3.0V. An in-plane retardation of the cell at 5.0V was 48nm. Viewing «JSSdSJ!SS^ 

IZ% W £T? I? tHe reSUte ShOWn in R9 - 19 were °° tained - " ^ed out Li the use of the Snpe^satTna 
film 5 could afford a liquid crystal display of a wide vertical and horizontal viewing angle. compensating 

[Effects of the Invention] 

form^Sr^r 88 *", 9 fl ', m accordin9 to tne * resent invention w «" a dtecotic liquid crystal fixed in the hybrid orientation 
form exhibits excellent color compensation and viewing angle compensation for an OCB mode liquid crystal display For 

a S, n w aS , J* 3 VieWi " 9 3,19,6 38 1" 5 ^* the drivin9 liquid cr J» w ce " used in conventional OCB mode Kquid 
crystal display has encountered a limit in the parameter setting range in connection with the liquid crystal cell On me 
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other hand, the compensating film according to the present invention permits easy control of the orientation form and 
can compensate almost completely for any liquid crystal orientation form. Consequently, the freedom in setting liquid 
crystal cell parameters becomes wider and thus also form the standpoint of industrial manufacture of the driving liquid 
crystal cell used in an OCB mode liquid crystal display, the compensating film according to the present invention is of 
5 great value. 

[Brief Description of the Drawings] 

Fig. 1 is a diagram explaining an OCB mode liquid crystal display. 
10 Fig. 2 is a diagram explaining a refractive index distribution peculiar to a discotic liquid crystal and also explaining 
a director. 

Fig. 3 is a schematic diagram showing possible orientation structures of a discotic liquid crystal. Arrows represent 
directors. In the same figure, (a) shows a negative uniaxial structure wherein the directors are perpendicular to the sub- 
strate plane, (b) shows a negative uniaxial structure wherein the directors tilt a predetermined angle relative to the sub- 
is strate plane, and (c) shows a hybrid orientation of a compensator according to the present invention in which directors 
exhibit gradual changes in the thickness direction. The directions of liquid crystal directors indicated with arrows do not 
have distinction between head and tail, but arrows were used for convenience' sake. 

Fig. 4 is a schematic diagram explaining typical arrangement examples of compensators. Arrows in the figure rep- 
resent director directions. Although there is no distinction between head and tail with respect to director directions, 
20 arrows were used for convenience' sake. 

Fig. 5 is a graph showing the results of measurement conducted for measuring an apparent retardation, in which 
measurement a compensating film as formed on a substrate was tilted in the substrate rubbing direction. Film tilting 
directions are illustrated in the same figure. The tilting directions of liquid crystal directors shown in the f igure have been 
represented schematically on the basis of the results obtained in the above measurement. 
25 Fig. 6 is a perspective view of the liquid crystal display used in Example 1 . 

1 upper polarizing plate 

2 OCB liquid crystal cell 

3 upper electrode substrate having a rubbing-treated polyimide film 
30 4 lower electrode substrate having a rubbing-treated polyimide film 

5 lower polarizing plate 

6 glass substrate having a rubbing-treated polyimide film 

7 compensating film 1 

8 glass substrate having a rubbing-treated polyimide film 
35 9 compensating film 1 

10 transmission axis direction of the upper polarizing plate (angle to x axis: 45°) 

1 1 rubbing direction of the upper electrode substrate 

1 2 rubbing direction of the lower electrode substrate 

13 transmission axis direction of the lower polarizing plate (angle to x axis: 1 35°) 
40 14 rubbing direction of the polyimide film 

1 5 rubbing direction of the polyimide film 

Fig. 7 is a graph showing measurement results of viewing angle dependence of transmittance obtained in Example 

1. 

45 Fig. 8 is a perspective view of the liquid crystal display used in Example 2. 

1 upper polarizing plate 

2 OCB liquid crystal cell 

3 upper electrode substrate having a rubbing-treated polyimide film 
so 4 lower electrode substrate having a rubbing-treated polyimide film 

5 lower polarizing plate 

6 glass substrate having a rubbing-treated polyimide film 

7 compensating film 2 

8 glass substrate having a rubbing-treated polyimide film 
55 9 compensating film 2 

1 0 transmission axis direction of the upper polarizing plate (angle to x axis: 45°) 

1 1 rubbing direction of the upper electrode substrate 

1 2 rubbing direction of the lower electrode substrate 

1 3 transmission axis direction of the lower polarizing plate (angle to x axis: 1 35°) 
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1 4 rubbing direction of the polyimide film 

1 5 rubbing direction of the polyimide film 



2. 



Fig. 9 is a graph showing measurement results of viewing angle dependence of transmittance obtained in Example 
Fig. 10 is a perspective view of the liquid crystal display used in Example 3 
Sa'rST 2° nentS ^ nUmera ' S USGd th6reln are the same as those used in Fig. 8 which relates to 

io pie 3 R9 " 1 1 IS 3 ^ Sh0Win9 meaSUrement resu,ts of viewl "9 angle dependence of transmittance obtained in Exam. 
Fig. 12 is a perspective view of the liquid crystal display used in Example 4. 

1 upper polarizing plate 

2 OCB liquid crystal cell 

is 3 upper electrode substrate having a rubbing-treated polyimide film 

4 lower electrode substrate having a rubbing-treated polyimide film 

5 lower polarizing plate 

6 polyester sulfone film having a pressure-sensitive adhesive layer 

7 compensating film 3 

20 8 polyester sulfone film having a pressure-sensitive adhesive layer 

9 compensating film 3 

1 0 transmission axis direction of the upper polarizing plate (angle to x axis: 45°) 

1 1 rubbing direction of the upper electrode substrate 

1 2 rubbing direction of the lower electrode substrate 

25 1 3 transmission axis direction of the lower polarizing plate (angle to x axis: 1 35°) 

1 4 direction corresponding to the rubbing direction of the polyimide film 

1 5 direction corresponding to the rubbing direction of the polyimide film 

so pie 4 Fi9 ' 13 IS 3 9faPh Sh ° Wln9 measurement results <* viewin 9 an 9 ,e dependence of transmittance obtained in Exam- 
Fig. 14 is a perspective view of the liquid crystal display used in Example 5. 

1 upper polarizing plate 

2 OCB liquid crystal cell 

35 3 upper electrode substrate having a rubbing-treated polyimide fflm 

4 lower electrode substrate having a rubbing-treated polyimide film 

5 lower polarizing plate 

6 triacetylcellulose film having a pressure-sensitive adhesive layer 

7 compensating film 4 

40 8 triacetylcellulose film having a pressure-sensitive adhesive layer 

9 compensating film 4 

1 0 transmission axis direction of the upper polarizing plate (angle to x axis: 45°) 

1 1 rubbing direction of the upper electrode substrate 

1 2 rubbing direction of the lower electrode substrate 

1 3 transmission axis direction of the lower polarizing plate (angle to x axis: 135°) 

1 4 direction corresponding to the rubbing direction of a polyether ether ketone film 

1 5 direction corresponding to the rubbing direction of a polyether ether ketone film 

Fig. 15 is a graph showing measurement results of viewing angle dependence of transmittance obtained in Exam- 
50 pie 5. 

Fig. 16 is a perspective view of the liquid crystal display used in Example 6. The components and reference numer- 
als thereof are the same as those used in Fig. 14 which relates to Example 5. 

Fig. 17 is a graph showing measurement results of viewing angle dependence of transmittance obtained in Exam- 
ple 6. 

55 Fig. 1 8 is a perspective view of the liquid crystal display used in Example 7. 

1 upper polarizing plate 

2 OCB liquid crystal c II 

3 upper electrode substrate having a rubbing-treated polyimide fflm 
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4 lower electrode substrate having a rubbing-treated polyimide film 

5 lower polarizing plate 

6 glass substrate having a rubbing-treated polyimide film 

7 compensating film 5 

8 transmission axis direction of the upper polarizing plate (angle to x axis: 45°) 

9 rubbing direction of the upper electrode substrate 

1 0 rubbing direction of the lower electrode substrate 

1 1 transmission axis direction of the lower polarizing plate (angle to x axis: 135°) 

1 2 rubbing direction of the pjolyimide film 

Fig. 1 9 is a graph showing measurement results of viewing angle dependence of transmittance obtained in Exam- 
ple 7. 

Claims 

1. A compensating film for an OCB mode liquid crystal display, constituted by at least one layer of a compensating 
film, said compensating film being formed by a discotic liquid crystalline material having a fixed orientation form of 
a discotic liquid crystal, said compensating film being disposed between a driving liquid crystal cell and a pair of 
upper and lower polarizing plates, and said orientation form being a hybrid orientation in which the angle between 
discotic liquid crystal directors near the upper interface of the film is different from that near the lower interface of 
the film. 

2. A compensating film as set forth in claim 1, wherein said hybrid orientation is such that on one side of the film dis- 
cotic liquid crystal directors are at an angle of between 60° and 90° relative to the film plane, while on the other side 
of the film discotic liquid crystal directors are at an angle of between 0° and 50° relative to the film plane. 

3. An OCB mode liquid crystal display incorporating therein at least one sheet of the compensating film described in 
claim 1 or claim 2. 

4. A compensating element comprising at least the compensating film of claim 1 or claim 2 and a substrate and 
wherein the angle between discotic liquid crystal directors in the vicinity of the film interface on the substrate side 
and the film plane is in the range of 0° to 50°. 

5. A compensating element comprising a substrate and the compensating film of claim 1 or claim 2, said substrate 
substantially having no anchoring effect for the discotic liquid crystal. 

6. A compensating film comprising a substrate not having an alignment film and the compensating film of claim 1 or 
claim 2. 

7. An OCB mode liquid crystal display including at least one compensating element described in any of claims 4 to 6. 
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